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PREFACE

The ERIC Clearinghouse for Science, Mathematics and Environmental
Education has cooperated with the National Association for
Rosearch in Science Teaching to provide abstracts of most of the
prpers presented at the 58th annual conference in French Lick
Springs, Indiana, April 15-18, 1985,

211 persons who had papers or symposia accepted were invited to
submit abstracts for inclusion in this publication. Some editing
was done by the ERIC staff to provide a general format for the
abstracts. Special recognition should b given to Dr. David P.
Butts; Dr. Rodney L. Doran, Research Coordinator; and the NARST
Program Committee who obtained the abstracts and organized the
program.

Many of .the papers will be published in journals or made
available throuqh the ERIC system. These will be announced
through Resources in Education, Current Index to Journals in
fducation, and other puklications of the ERIC system.

Patricia E. Blosser,
Stanley L. Helgeson,
Editors

Thia pubdlication was prepared with funding fros the National
Institute of Education, U.S. Departmsnt of Education under
contract no. &400-78-0004. The opinions expressed in this
report do not necessarily reflect the positions or policies of
NIE or U.S. Departmant of Kducation,
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A CONPARIGON OF STUDLNT ACHIZVEMDNT ANONG THREE METHODS f
OF PRESLNTATION OF A COMPUTER BASTD SCIENCE !
SIMULATION :

Robert D. Sherwood
Peabody College of Vanderbilt University
Box 45, Peabody
Nashville, TN 37203 . 4

ABSTRACT

The research to be reported was undertaken to investigate
various methods of presentation of a computer based science
simulations as they relate to student content knowledge of  the
simulation concepts. Three treatment groups were used in the
study; (l) two students per computer interacting with the
simulation, (2) a total class presentation of the computer
simulation, {3) a non-computer game tyoe .presentation of the
simulation concepts. Students content knowledge was measured by a
paper and pencil test of fourteen items immediately after the

, presentation and six. weeks later.,

No statistically significant ditferences were found between
the treatment groups, although there was a trend for higher scores
for the total class presentation group on the immediate posttest
multiple choice content items. Iilowever, females did less well
than males on the multiple choice content items of the tes*t. A
sex by treatment group interaction was significnat for the delayed
posttest with females performing better than males in the total
class presentation method but less well in the paired student
method. .
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THL LFFECTIVENESS OF USING A MICROCOMPUTER SIMULATION ON
“ JUNIUR HIGH SCHOCL STUDENTS' UNDERSTANDING OF THL
VOLUME DISPLACEMENT CONCEPT

Byung-~soon Choi o

University of Minnesota
‘370 Peik Hall

Minneapolis, MN 55455

Eugene Gennaro
University of Minnesota

. 370 Peik Hall )
Minneapolis, MN 55455 .

AESTRACT

-

The purpose of this study was to compare the effort.veness
of microcomputer simulated experiences with that of parallel
instruction 1nvolving hands-~on laboratory experiences for teaching
the concept of volume displacement to junior high.school students. .
This study also assessed the differential effect on students'
understanding of the volume displacement concept using sex of the
students as another independent variable. This study in addition,
compared the degree of retention, after 45 days, of both treatment
groups.

Girls and loys were randomly assigned to experimental and
control groups during each of five periods of the day. Posttests
and retention tests were qiven to both groups, and the dats were
analyzed using a 3-way analysis of variance. It was found that
computer simulated experiences were as effective as hands-on
laboratoury experiences, and that males, having had hands-on
laboratory eoxperiences, performed better on the posttest than
females having had the hands-on laboratory expe.iences. There
were no significant differences in perfprmance when comparing
males with females using tiie computer simylation in the learning
of the displacement concept. This study also showed that there
were no significant differences in the retention levels when the
retention scores of the computer simulation gtoups were compared
to those that had the hands-on laboratory experiences; however, an
ANOVA of the retentian test scores revealed that males in both
treatment conditions retained Kknowledge of volume displacement
better than did females. '

This study sugqgests that computer simulated experiences on
some topics of science could be used in place of hands-on
laboratory experiences with an expectation of equal performance
levels by students. It also suggests that learning of certain
topics :n science can be learned in a shorter period of time than
is required for hands~on laboratory experiences related to these
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topics. Another implication of this study is that a computer
program might be used in place of more expensive materisls in some
laboratory experiments. Therefore, computer simulations in
science education could be efficient and cost-effective as well.

&) A~
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COMPUTER SIMULATIONS AND THE TRANSITION FROM CONCRETE
HANIPULATION. OF OBJLCTS TU ABSTRACT THINKING

Donna F, Berlin

The Ohi1o State University at Newazk
University Drive
Newark, Ol 43@55

. Arthur L. white
The Ohio State University
252 Arps
1945 North High Street
Columbus, OH 43218 .

ABSTRACT
/
/ .
This study gxplores the learning model which suggests that

a concept 1s acguired first through manipulation of concrete
objects followéd by transformation of the concrete objects into
semi-concrete representations, followed by internalization of the
concept through abstract representat.ons,

Microcomputer simulations of manipulative activities were
used to determine how children ditffer in their use of
sclence-process skills and concepts when using the simulations
compared to using the concrete materials, or a combination of
simulations and concrete materials.

The sample for the study included & total of 113 children
distributed according to male and female, 2nd and 4th grade level,
and socio-cultural site. The treatment condition consisted of
three levels based upon the proportion of activities using
concrete objects to those using computer simulations (concrete
only, concrete and computer, computer only).

The criterion measures assessed the children's ability to:.
recognize and duplicate a design, recognize and extend a pattern,
and locate objects in space.

A multivariate analysis of variance was used to determine
the 1nfluence of the computer simulations on concept development
8s compared to the use of concrete materials. Differential
effects were tested in terms of socio-cultural background, gender,
and grade level. The results indicated that:

1, Fourth graders performed better than seconi graders.

2. Rural, white children performed better than suburban,
black children with activities involving the computer.

L 24
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Rural, white girls performed better than suburban,
black gqirls using concrete-only activities,

Rural, white boys using activities involving the

computer performedebetter than suburban, black qirls
using concrete-only activities.
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Session A-2

SCIENCE LDUCATION: DEFINITIONS AND IMPLICATIONS
- FOR RESEARCH

Ron Good
Florida state Universit
! v 414 EDU e
Tallahassee, FL 32346

Robert Kromijpout .
Department of Physics
Florida State University o
Tallahassee, FL 32306

Tony Lawson
Department of Zoology
Arizona State University
Tempe, AZ 85287

John Renner
Colleqe of Education
University of Oklahoma
Norman,  OK 73819

Robert Yager
Science Educatiun Center
Univerrity of Iowa N
Iowa City, IA 52242 g

ABSTRACT

The purpose of this symposium is to explore the
" implications of the following definitions for science teaching and
related research. ‘

Definition 1

‘ Sciefice education is the discipline concerned with the
study »f the impact of science upon society as well as the impact
of society upon science.

Definition 2

-Science education is the discipline concerned with
discovering, develop.ng, and evaluating improved methods and
materials to teach science--i.e., the quest for knowledro as well
as the knowledge generated by that gquest. : ;
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AN EXAMINATION OF SCIENCE FAIR JUDGING RLSULTS -L .

'

Theodore Kellogg ' .
University of Rhode Island g
Department of Cducation
Y . Kingston, RI 92881

ABSTRACT

Recently, science foeirs, which had been reduced in size or
eliminated by many schools, have shown renewed vigor. This papery
revisits an old issue, the fairness of the judging system, through
a post hoc analysis of the judqging regulta cf four science fairs.

The nearly 1200 projects involved 39%2 project scorings by Jjudges. .
The judges' scorings were submitted to analyses which included the !
uncorrected by the fair staff, descriptive $tatistics for each
data set, correfatic: of total score to total scorc for each
project; examination of judge to judg . difference. in scoring, and
exploration of alternative techniques - { combining scoes.

i

A scoring error rate of 3-5% waz found. This error rate
existed even through each fair had double checked the judges'
scoring. Corr~lation of scores for the same projects ranged from
.21 to .55. ligner correlations occurred in fairs having more
detailed instructicas to judges. All"of the correlations were
significant well beyond the .#1 level. However, these
correlations can be viewed as the reliability for the scorifig of a
project. At these magnitu (es they illustrate the unreliecbility of
the judging process. Examples of thé judge to judge differences
in scoring veore given. ‘ ’

An alternative systean for combxn:nq judqes' scores by usinq
standard scores derived from each jwige's set of scores was
explored. This system produced a different ranking of projects
than the ranking of raw scores. .

Judging systems which simply add raw scores of different
judges nuét be suspect. Aliternative schemes, such as the standard
score method used herein, will give different results from the
simple addition nf scores, yet are based on assusptions (all ¢
judges will be evaiuating an "average" set of projects) which are

"unlikely to be true. Other schemes, such &s asking judges to

score by points and to acknowledge a general level of award (top
1%, top 25%, etc.) gre likely to provide yet different results.

Science fair juwiqing committees need to be uware of the
shnrtcomings of whatever data manipulation and analysis technigues
they use and be willing to make accommodation as necessary. It is

ERIC - &7 S

Aruitoxt provided by Eic: N -

- N . . - - . '



possible that modern statistical techniques wo
ambiguity and unfaitness of existing syatims.

’ T
4
Gt '
8
o 28

ERIC | .

Aruitoxt provided by Eic:

o

11d help reduce the

E
il

T ‘11‘

-



Segsion A=3

CHANACTERISTICS AND NLCEDS ASSCGSHMENTS OF SCIENCE
TEACHERS IN MASSACHUSETTS

Gerald Abeqg
Boston University
‘Science Education Program
085 Commonwealth Ave.
Boston, MA §82215%

warren Tomkiewicz
Science Dducation Program
Boston University
605 Commonwealth Ave.
SRS Boston, MA 02215

ABSTRACT

N

The purpose of this research study was: (1) to provide a
! description and evaluation of the Boston University Science
Fellows Progqram for ocutstanding high school science teachers, {(2)
to provide a profile of the science teachers of Massachusetts for
~evaluation of staffing needs, apd {3) to compare the science
teacher characteristics of the Boston Univer~iiy sScience Fellows
. with science teachers of Hassainusetts and Ouvher States.’
Preliminary analysis of incomplete data indicate that
science tedchers are teaching outside their .principal field of
preparation, there -is a 'shortage of certified physics teachers, a
lack of updaiing of existing science teachers, and an increase in
the number of science teachers who are expected® to reach
retirement age within the next several years.

The conclusions should allow (1) an evaluation of the
chariCteristics and staff development needs of existing science
teachers, (2) an evaluation of certification standards and teacher
evaluation practices, and (3) a model to recognize successful
science teachers. :

/
/

/
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SCIIOOL VARIABLES AND ACHIEVEMENT IN SCIENCTE IN THE
ELEMENTARY SCHQOL IN ISRAEL

Ruth 2uzovgky
Tel Aviv Upiversity
. Faculty of Husanities
s School of Cducation
Ramat-Aviv §9978, ISRALL

ABSTRACT

N

The purpose of the study was to: (a) cxamine the state of
elementary science education in Israel and the achievement of
students at the end of elementary achool, (b) clarify and measurs
the effect of school varisbles on achievement in s¢ience.

: L

~

The present study relates to previous studies on
achievement at the elementary school in Israel. From a broader
perspective it can also be considered as a contribution to the
‘vast body of research on school effectiveness, and as’sudh, ‘it is
part of the [EA study on science teaching conducted last year in

26 countries.
A stratified sample of 96 schools, countrywide, was

selected. Six different questionnairea and three tests were
administered to students, teachers and prinvipals. The .

\

R
information gathered revealed a situation of quite a satisfactory. .

state of science teaching conditions in Israel. However, the
achievement of one-third of the populstion was found to be rather

low. In an attempt to determine the ispact of different school

variables on the variance of science achievement, the contribution

The level
iculum in school was found to be one

of many school factors (both physical inputs as well as
sociopsychological and process variables) was analyzed.

of expusure to the formal curr
of the most influential of these factors.

10
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Session A-4
THE ROLL O COGNITIVE FACTORS IN CHEMISTRY ACHIEVEMENT

» Sarath Chadran
Science and nathena;;cs Education Center
Western Australian Institute of Technology
Bentley, Western Australia 6192
: AUSTRALIA

David F, Treaqust
Science and Mathematics Iducation Center
Western Australian Institute of Technology
Bentley, Western Australia 6102
AUSSTRALIA

Kenneth Tobin .
Science and Mathematics [ducation Center
Vestern Australian Institute of Techmology
Bentley, ugstern Australia 6102

ABSTRACT

The grade 1l and 12 chepistry course in Western Australia
is generally considered to be conceptually demanding. The first
year of this course assumes & considerable knowledge of a number
of concepts, facts and principlea in chemistry. Research evidence
indicates that cognitive factors such as prior knowled:z, formal
reasoning ability, intelligence, disesbedding ability and memory
capacity are significantly related to science achievement. This
study investigated possible relationships among these cognitive
variables and chemistry achievement. The data for the
investigation were collected from grade 11 chemistry students in
11 high schoocls in the metropolitan area of Perth, Australia.

The results of the study indicated that prior knowledqe and
format reasoning ability were the best predictors of chemistry
achievement, laboratory application skills and problem solving
abi1lity. -A path analysis provided support for causal hypotheses
dinking laboratory application skills and problem solving ability
with understanding-of concepts, facts and principles of chemistry.

The findings of this investigation have 1mp1£citions for
curriculum development and implementation and for teacher
education programs involving high school chemistry.
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Session A-4

; PREDICTING CONTINUED PARTICIPATION IN COLLEGE
; CHEHISTRY FOR I'EN AND WOMEN

George I, DeBoer
Colgate University .
Hamilton, NY 13346 1

ABSTRACT

The purpose of this study was to test the effectiveness of
a cognitive motivaticnal model of course selection patterns to
explain the continued participation of men and women in college
scienc courses. A nusber of cognitive motivational constructs
was ar *d in a path model and their effect on students'
intenti . .o continue in college chemistry was determined.
: Variables in the model included self-concept of ability, future
—expectations, level of past success, sffeor < 1 v~ ————
interpretations of both past success and task difficulty, and
intended persistence, the dependent variable in the model, The
data were also examined for sex differences in the plan to
continue in chemistry that might be explained by the elements of
the model. : '

The results showed no sex differences in course
-performance, the plan to continue in Chemistry, self-concept of
ability, or past achievement in science courses. The path
analysis didg confirm, however, the usefulness of the cognitive
motivational perspective to explain the intention of both men and
women to continue in sciente. (The model explained 358 of the
variance in the students' olan to take additional cheristry.)
Central to that process appears to be a person's self-concept of
ability. Students who had confidence in their ability in ’
chemistry expected to do well in the future and were more likely
to plan to take more chemistry. Self-concept of ability in turn
was dependent on a number of past achievemint exveriences and the
personal interpretations of those experiences. '

; &
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THE LIFECTS OF COPING STRATEGIES UPOM SCILCNCE ACHIEVEMENT
OF CONMUNITY COLLEGE STUDENTS

Linda W, Crow

‘

llouston Community Colleqe System

22 Yauqh Drive
Houston, TX

17997

Martha K., Piper
University of Houston at Victoria

2382-C Red River
Victoria, TX 77901

ABSTRACT
|

How people view the world around them has a tremendous - )
on--u;ei{—-act—Wﬂi—NﬁffettrthrrhuiﬂTﬂWthﬁ"'ﬁ&R'é ¢«

Field independence and fi=ld de

a person's perception.

pendence have been shown to affect

It has further been shown to have some

impact on the science achievement of students.

Some teaching strateqgies have heen studied and tested to
students.,

see if they could improve the perfurmance of field debendent

The successful ones always included experiences for

students that involved both the correct and incorrect responses.
This study assesses the effectiveness of coping strategies

students,

designed to increase the science achievement of field dependent

O
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These strategies were integrated into a geology course
designed for noascience “ajors.

they were successful.

Further results and implications will be
discussed during tr« presentation.

Preliminary results indicate that



" o - LEER XYY K o '“«
PN

Session A-S

NEUROSCILNCE, COGNITIVE SCIENCE AND SCILNCE EDUCATION --
BI-COASTAL PLRSPECTIVES

. Marianne B. Betkouski
College of Education and fHuman Services
Division of Curriculum and Instruction
University of North Florida
Jacknonville, FL 32216

Rita ¢/, Peterson
Director of Teacher Education
University of California at Iitvine
Irvine, CA 92717

ABSTRACT /
_ .-There exis:a“annighmleﬂnlmaf_conce:nmnmonq‘sc;ence.mm:;____A___;
education leadership about how people learn sciencs. [techanisms

for learning and memoty in general have beep proposed by
researchers in a number of fields, among which are cognitive
science and neuruscience. Basic questions about leasning .. . be
answered more completely through interdisciplinary efforts,

'Indeed, these efforts are mutually beneficial for all u
participants, as is evident from the success of xnterdisciplina:y ’
qroups'on two sides of the country.

' The two presenters will welcome diasloque with the audxénce
as they address:

) , 1. what is happening in their respective areas related 'to
neuroscience, cognitive science and science educat.on.

2. .Conceptual models which hold promise for rcience
education research,

3. Questions and implications for science educators.

F)
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~
ASSESSHENT OF APTITUDL INTEPrC 01T FOR THE MOST
COMHON SCIENCE INSTRUCTIONAL ST\A@?GIES
“ . \\
Steve Fields N
Honrove Area High School . N
Monroe, GA 38655 : ™~

ABSTRACT ‘ : ~

Hahy educational researchers neqlect the aptitudes of the
learners when they assess the relative’effectiveness of
instructional ploys. Crijtics of this approach gqguestion whether
any strategy is best for learners of all a titudes. Thé likely
sitation, as they see it, is that a successful strateqgy for
learpers possessing comparable characteristics may be inadequate .
for learners having differing aptitude t:aits, Research that o -

- --probes the interaetion—of--aptitudes With Varying Instructional
strategies is termed A=T-I (Aptitude-Treatment-Interaction). Tt
Was the purpose of this study to examine, A-T-I's for the two most
wWidely used science teaching strategies /{i.e., lecture and lecture
augmented with classroom activities). Two aptitude variables were
examined: cognitive ability level expressed in Piagetian terms
and cognitive learning style {field degéndence/indepandence). A
sample of 200 high school biology students (188 for each treatment
group) was utilized. Each treatment group was stratified for
cognitive ability level. Achievement was measured in a criterion=-
referenced fashion (mastery vs. nonmastery of ‘eight biology.
concepts). The findings were that both aptitude variables
interacted with achievement, and that the two treatments differed
only marginally in the A-T~I. Of the two aptitudes analyzed,
cognitive ability level had the greater interaction--i.e,, higher
cognition favored mastery, while lower cognition did not. A
strong correlation (zero-order gamma of .53 for each biology
concept studied) was found between cognitive ability level and
cognitive learning style. Beding field independent and of a .higher
cognitive ability level was more iadicative of achievement than:
being field dependent and of a higher cognitive ability level.
Students of lower ability levels were more often field dependent
and mastered the biology concept infrequently.
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THE ATTAINMENT OF SCIENTIFIC LITERACY BY URBAN
HIGH SCHOOL SENIORS

" James V. Byerly
Cincinnati Public Schools
flalnut’ Hiills High School
3259 Victory Parkway
Cincinnati, On 45207

ABSTRACT ‘

"~

N

Pata collected from a representative-sample of urban. high
school seniors were subjected to path analysis to test the
consequences of a priori causal assumptions about the scientific
literacy attainment process. The hypothetical model consisted of

- @ight variable levels. The dependent variable was measured with 2

seven dimension scientific literacy instrument.” "Race, gender, IQ, -
and SES were treated as exogenous variables. The intervening

levels were (in order): early achievement, influences of

significant others, fate control, motivation, and quantity of
instruction. Causal rclationships between an additional eaogenous
variable (quality of instruction) and fate control, motivation,

and scientific literacy were also hypothesized.

Race,*@ende:, and measures of éES.vlptitudc, reading

" achievement, peer encouragement and evaluation, teacher

encouragements to take more science courses and to do well in

. science, parental encouragemsent and evaluation, fate control in

science, science self-concept, vocationasl-educational
expéctations, amount of in~school and qutside-of-school science
instruction, and quality of high school science instruction were
all found tQ contribute meaningfully to outcome. Achievement
motivation (importance of grades, cospetition, and mastery) and
junior high school science performance/feedback in the form of
grades were found not to 'be meaningful predictors for the total
sample. The effect of “outside-of-school learning was found to be
three times that of the in~school contribution. / A A

Compared to males and ﬁEﬁ-blacks. females and blacks were
found to be less literate. The causal assumptions explained a
large portion of the gender difference and & much smaller portiom
of the race difference. In general, female attainment was found
to be much more dependent on the support of significant others,.
vocational-educational expectations, science self-concept, fate!
control, math achievement, and Classroom psychological comfort. '
Science achievement motivation had a negative effect on female
performance and positive effect on male performance. Performance
of black students was found to be more dependent on in~schoo} \ ‘

16 . Co
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instruction and associated encouragements, and the quality of
scilence instruction.

Problems were encountered in measuring the influences of
significant others and motivational levels of black students,
resulting 1n conservative estimates of the effects of these °
variables for the total group and for the black subgroup. The
model accounted for 53% of the variance for blacks, S8% for
whites. 55% for females, and 67% for males.
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EDUCATIONAL PRODUCTIVITY IN SCIENCE CDUCATION: SLCONDARY
ANALYSIS OF NATIONAL ASSESSMENT IN SCILNCL DATA

Barry J. Fraser
iestern Australian Institute of Technology
Faculty of Education, W.A.I.T.
Bentley, WA 61082, AUSTRALIA

ferbert J. VWalberg
University of .Illinois at Chicago
College of Education
Chicaqo, IL 60688
Wayne W. Yelch

University of Minnesota

College of Education
i Minneapolis, MN 955455

ABSTRACT

f )

According to wWalberq's theory of educational productivity,
the feollowing ninpe factors require optimization to increase
student acnievement of rnognitive and affective outcomes: ability,
age,; motivation, guantity of instruction, quality of instruction,
homé envirbnment, class environment, peer qroup environment, and
mass media. These nine factors were identified from a synthesis
of ‘about 3,060 individual studies of factors related to learsing.

tlost tndividual experiments or guasi-experiments analyie
only one or two factors and involve samples which afe of limited
size and are not national. Survey research can complement

experimental studies because it often draws large, stratified,

random samples from national populations and because it often
involves numerous predictors of learning., The National Assessment
in Science is an example of a survey which included jtems which
could be interpreted as measures of most of the factors in
Walberqg's model. Consequencly, secondary analyses were conducted
for the purpose of probing the validity of the model.

The first step involved operationalizing two measures of
student outcomes, ‘namely, achievement and attitude. The next step
involved operationalizing measures of 7 of the 9 productivity
factors: ability, motivation, quality of instruction {indexed by
the science teaching budqet), quantity of instruction {minutes of
science per week and amount of homework), home environment, class
environment, and media (amount of television viewing). Also the
two additional variables of gender and race were included because
of their strong relationship with student outcomes in past
research. ‘
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The National Assessment 1n Science involved a4 inational

‘fandon sample of 1y, guy students agqed 9, 13, and 17 in about 78¢

schools.  But the present productivity analyses were restricted to
the group of 1,960 nine year-olds who had completed all test jtems
which made up the variables in the productivity model, The set of
I8 predictors was reqressed separately on a@hievementaand attitude
Using a "backwards elimination” multiple regression mgthqﬁ in

"which variables were dropped progressively from the equation until

all renaining predictors had reqression coefficients &hich were
significantly citferent from zero,

When controlled for other factors, ability, motivation,
class environment, home environment, amount of television viewing,
G€nder and race were all found to L€ significantly related to
cognitive achilevement. For the attitude Outconme, the ‘variables
linked with attitude were abiljty, motivation, class environment
and race. These results for nine-year olds are gompared with ‘
those from analogous secondary analyses of National Assessment in
Science data for 13- and 17-year olds, Overall, the findings add
support for the model of educational productivity and suggest that
science students' achievements dna attitude are jointly influenced
by & number of factors rather than one of two dominant ones.

15
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Session A-9
RESEARCH INTDRESTS OF SECONHDARY SCIENCE TCACHERS

Dorothy L. Gabel
Indiana University o
204 v. V. Vright Educatioa: Building
, Bloomington, IN 47405

Stanley L. Helgeson
The Ohio State University
Columbus, OH 43210
Joseph D, Novak
Cornell University
Ithaca, NY 14850

| John W. Butzow
indiana University of Pennsylvania
i Indiana, PA 15701

| . X. V. Samuel
o « Indiana University
Bloomington, IN 47405

ABSTRACT

- Y

In the past few years science educators and the nation at
large have becore increasingly concerned about the “Crisis in
science Education.®” An underlying cause of this crisis is the
nonunitorm gquality of instruction delivered by secondary science
teachers. Ohe way to improve the quality of teaching in the
schools is the appljcation of science education research findings
to teaching. Mnost teachers are unaware of the research findings
and/or do not apply them in their classrooms. This study helps
determine the afeas of research which are of greatest interest to
secondary science teachers. Results will be used by NSTA to
determine the contents of future volumes of the monograph What
Research Says to the Science Teacher. ‘

A random sample of 600 secondary science teachers was o
obtained from the National Kkegistry of NSTA. Teachers were sent 3
23 item questionnaire that asked them to rate their interest in
each research topi¢ on a five point scale. “he gquestionnrsire
contained the 12 items prepared by a NARST-NSTA committee in 1979,
and an additional 11 items using the same format. Demographic
data collected from the survey incluaed sex, teaching assignment,
role and familiarity with-what Resear¢h 5ays.... Data were
analyzed using these demographic data as well as according to
whether teachers returned the original > & follow-up
questiannaire. Sixty percent of the teachers completed the

20
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questionnaire in usable torm. Overal! results of the study, based
on both trequency of response and on mean rating, indicate that
the following five topits are of greatest interest to secondary
science teachers: laboratory experiences, motivational
techniques, effect on college courses, problem solving, and
meaningful learntug. Analysis of data according to the subject
taught i1ndicated that chemistry and physics teachers are more
tnterested in problem solving than are biology teachers, and that
chemistry, physrcs. and earth science teachers are also interested
In the sequence of the content. Males and feémales had the sanme
tep five anterests but in a different order. The same is true for
! ;achers of grades 7-9 versus grades 10-12. Rural teachers'
preferences varied substantially from those in other settings, and
differences werc also found tor teachers' familiary wifh What
Research says... compared to the rest of the-sample. Teachers who
returned the first questionnaire had basically the same .
preferences as those who returned the follow-up questionnaire,

For every classification of teacher, the area of least interest
was sex difference research. .

21
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LFFECTS OF TCACHERS' USC OF CONCRETE ANAULOGIES ON ACHILVEMONT
OF HIGH SCHO0I BIOLOGY STUDEM 'S WITH VARYING LEVELS OF
PRIOR KNOWLEDGE AND COGNITIVE ABILITY

Juseph €. Durns
University of Alabama in Birminghanm
Department of Curriculum and Instruction
Birmingham, AL 35294

James R. Okey
) University of Georqgia
- Pepartment of Science Education
Athens, GA 30602

ABSTRACT

) The purpose of this study was to compare the effects of
analogy-based and conventional lecture-based instructional
strateqgies on bilology achievement of students enrolled in four
classes at a suburban high school. Prior to treatment, s.udents
were assessed for cognitive ability and prior knowledge. A
numeric grade from the previous term of biology served as a
covariate. The study was conducted over three units of
instruction.

i}

The analogy-based treatment consisted of teacher lecture
and student examination of analogy text, diagrams and charts
compar ing target information to an analogous domain. Consentional
lecture-based strategies involved didactic teacher presentation of
target concepts supplemented with reading assignments from the
reqular classroom text. Instruction for eaciH unit lasted two
days, followed by an achievement measure every third day.

Analysis of covariarce procedures were used to identify
main effects on achievement related to treatment, cognitive
ability ond priovr knowledge. Interactions between variables wer.
assessed by the same procedures. Data concerning comprehension of
the analogies were also analyzed with respect to possible effects
on achievement.

‘Conclusxons drawn from evidence in this study suggest:

1. Analogy-based instructional methods appear to enhance
student performance relative to conventional lecture-
based instruction in achievement related to the
digestive, nervous and circulatory systems.

2. DBoth concrete and transitional/formal opeﬂdfﬁonal
students benefited from analogy-based instruction.
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3. With both treatments, transitional/formal operational

students tended to show higher achievement than
coacrete operational students, ‘

-~

Cgncreote operational students receiving araloqy-~based
ipstruction scor~d higher than transitional/formal

gperational students receiving conventional lecture-
Pased instructijon, :

s i

5. /Students who comprehended analogies showed signifi-

/ cantly higher achievement cver those who did not
! comprehend them. ‘

/ \

The effects related‘to treatment tended to be more 4
/ pronounced when comprehension of the analogy was high.)
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Session A-19

ATTITUDL AND ACHIEVEMENT IN NINTH GRADLC PHYSICAL SCIENCE OF
LOVM NEED LEVEL STUDENTS: A REEXAMINATION OF
THE MATCHING HYPOTHESIS -

Frank E. Crawley
University of Texas at Austin
Science Lducation Center
Austin, TX 78712

John S. fTrout
Division of Physical and Biological Sciences
St. Edward's University
3991 S, Congress Avenue \
Austin, TX 78704

ADSTRACT

In 3 previous study, the benefits of matching instruction
with the students’' needs were examined. Three personality
variables were used for the purpose of matching: Iaslowian need
level, loccus of gontrol, and cognitive style. Participants in the
study were students {n=301) enr lled in ninth grade physical
science and their teachers (ns4) in one high school in the central
Texas reqion. Instruction was designed to accommodate, to
differing extents, the needs fnr love and belonging, an external
locus of control, and a field dependent cognitiveé style.

Cognitive and affective outcomes served as the dependent variables
for the study, which lasted for 21 class days. Results of the
study indicated that 55% of the sample, 166 students, registered
physiological and safety as their primary needs; data for these
students were excluded fros the study. For the remainder of the

sample, the benefits of matching proved to be inconsistent. As -

the degree of compatibility increased, students' attitudes toward
scienve 1n general improved, mNeither achievement nor attitude
toward physical science class, the physical science teacher, or
the method of instruction improved as a result of matching.

" The present study examined the cognitive and affective
entry characteristics of the ninth grade physical science students
participating in the previous ‘investigation and the benefits of
matching for students possessing low level needs. Significant
differences were found in the cognitive and affective entry
characteristics of students of differing need levels. Students
differed in their attitudes toward science in general (p < ,@1)
and their prior knowledge of physical science (p < .95). Matching
did not prove to be beneficial for students primarily concerned
with the fulfillment of low level needs, i.e., physiological and
safety needs. Differences in achievement, not attitude, were
found {p < .81) to be dependent upon the extent of matching.
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Unexpected, however, .was the finding thit increased compatibility
{1.¢., sore complote datehing) resulted in lower achievement.

The results of the study are discusscd in terms of the
Ratching model of instru  ‘on and the desire to design instruction,
to accosmodate the diver i of student necds in introductory,
secondary school physical science courses. N
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-RELATIONSHIPS BETWECN SUBJECT PREFERENCE, GENDLR,
s ARD ATTITUDE TOWARD SCIENCEH

E. Lynn Talton
South Carolina State Department of Education
Office of Research
Columbia, SC 292¢1 7

, Ronald D. Simpson
University of Georgia
Office of Instructional Development
/ - Athens, GA 30662

ABSTRACT .

Several factors auch as self concept, classroom environe-
ment, family background, and gender have been shown to be related
Lo student attitudes toward science. This study examined the
relationship of student's favorite subject with attitude toward
science. Specifically, it was designed to determine if students
with different favorite subjects possessed different attitudes
toward science and the effect, if any, that student gender had on
this telationship, ‘

Data were collected from 4588 sixth through tenth qrade
students enrolled in 3 schoos aistrict in North Carolina. An
attitude instrument assessed student attitude toward science.
Studeats selected their favcvicx subject from four; English,
mathematics, science,. and socinl studies. - ¢

There were significant differences in attitudes toward
sCience among students having different favorite subjects.
Students choousing science as their favorite subject had the most
positive attitudce toward science, while students that preferred
Cnglish had the least positive attitude toward science. There
© were no siynificant differences in the findings due to gender .

Both males and females showed the sanme pattern of relationships
between favorite sut -* and attitude toward science found-in the
entire population. .t would appear that gender does not play an
important role in the relatiopship between favorite subject land
attitude toward science. '
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THE IDENTIFICATION, DEFINITION AND HCASUREMENT OF KEY
VARIAE'.ES Ifi WAIT TIMC RESEARCH

J. Nathan Swift
atate University of New York at Cswego
Osweqo, NY 131260

C. Thomas Gooding
State University of New York at Oswego
. Oswego, NY 13126

ABSTRACT !
L
The purpose of this paper is to examine the problems
involved in the identification, deiinition, and mepsurement of
those cratical variables in the classroom that reldte to the
effectiveness of teaching and learning. \
We will address three points relevant to clas§room
interd@ction analysig:

1. Discussion classification. Few researchera have
, attempted to conceptualize the nature of the discussion in
classrooms.. A new category system, based on.the scrieg of
definitions i3 presented as a basis for further devclopvent.

2. Hait time. A variety of terms have been used to
desCribe the multiple types of pauses that may be encountered in
the analysis of classroom dialogues. These and other types of
interactive pauses are examined.

Electronic feedback devices, called Vait Timers, have been
demonstrated to assist teacher and students to successfully extend
theéir wait times. The relative significance of wait times |l and 2
is evaluated, -

3. Other. variables, There are numerous$ variables, in
addition to wait time, that may be measured in classroom i
interaction. These include: cognitive levels of teacher |
statements or questions, scudent cognitive levels, ratio of
teacher and student talk, affective climate measures, achievement
measures, patterns of interaction, ngn-verbal cues, and
alternatives to questions. The effectiveness of these varisbles
will be compared with reference to theitr ability to parsimchiously
describe the essential characteristics of classrooms., Examples:
are drawn from our work and the work of others.
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WAIT TIME In SCIENCE: NECESSARY BUT NOT

. It is important to examine the use of extended wajit time in
whole class se.tings because this mode of teachin
predomi--_¢ in American.and Australian science classes.
recent research raises questions about the probable beneficiaries
of an extended wait time in whole class settings,
to interact with & relatively small group of tarqet students when
questions are asked to stimulate thinking or to obtain student

responses that can be used as a bridge to new content.

students appear to be those that can be relied upon to p
response that the teacher can use in subsequent jinstruction.
other students do listen to these responses then it .;an be arqued
that extension of wait time is qenerally beneficial.
students do not carefull, attend to the content of peer responses
then an extended wait time might benefit target
greater extent than it would non-target students

An assumption that underlies the use of an estended wait
time in whole class interactive settings is that additional time
can be used by teachers and students for cognitive
This may not always be necessary.
lesson plans are often provided in order to control for unwanted
variance in the implemented curriculum in different classes.
80 doing, the activities in which students are to engage are
specified. As a conseguence, an inplemented science curriculum
portunities for students to engage in higher
cognitive level tasks. In a non-experimental situation engagement
patterns are often quite different,
to shape the implemented curriculum in most Australian schools.
Tcachers plan and implement activities to enable
the examinations and tests or to attain & high co
consequence, many of the interactions th
low'cognitive level,

usually provides op

Kenneth Tobin
Western Australian College
fit. Lawley, 60850, AUSTRALIA

ABSTRACT

~

SUFFICIENT

students to a much

The evaluation asystem tends

students to pass
urse grade.
at occur are pitched at a
Algorithms are introduced and learned in
order to allow students to get the right answers.,
alqgorithms tends to reduce the cognitive demands of the work to be
done. As a consequence, when teachers implement the regular

science curriculum, the cognitive level of whole class

interactions is often low.
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There are numerous instances in each
lesson when there is not much to be gained by pausing for 3 to §
seconds. Unless the implemented curriculus requires students to
think, there is little value in providing them with time to think.
The introduction of an extended wait time alone may not pxgggsf

§ appears to
Hlowever , -
Teachers tend

Target
rovide a

However,

processing.
In an experimental setting

The use of

]
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‘the improvements that research on wait time suygests. Unless the
implemented curriculum is providing students with opportunities to
develop higher cognitive level outcomes, there is little point in
uUsing an extended wart time.

The symposium presentation will review the results of a. ten
year program of research on teacher wait time and will synthesize
these results with those of an ethnographic study of high school
acience. Implications of the research will be presented for
fu..ner research, teacher education, curriculum design and
classroop practice. ,
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ACQUISITION OF WAIT TINE; TRAIMING TECHNIQULS AND RELATED
TEACHER DCHAVIORS: THE WAIT TIMER AND SUPPORTIVE
INTERVENTION

J. Nathan swift
state University of New York at Osweqgo
Osweqo, NY 13126 _ '

Patricia Swift
State University of New York at Oswegqo .
Osweqo, NY 13126 -

ABSTRACT

Since the initial studies of wait time/inquisy twenty years /
age, prodress has been made &0 implement the studies of Rowe, '
DeTure, Swift and Gooding, and Tobin and Capie. One approach
utilizes & device that flashes a light indicating when 3 seconds
have elapsed after a person stops speaking. This is an o
unobtrusive indication of wait time, and while it may seem to be a
simple solution, it allows both students and teachers to learn to
pause for thinking time. Previous attempts to train teachers in
wait time were costly in time and effort. This new "Wait Timer"
device has proven to be successful in tfaining teachers to pause
without the intrusive appearance of a reésearcher or teacher
trainer. An added benefit occurred when|students also began to
wait. Even iR~ brighter students begar §o realize that if they
Paused to think, they could compose bett T answers.

The effect of using the Wait Timer\was enhanced when tape
recordings of classrdom discussions were analyzed by & research
staff. Reports to thHe tedchers in the foﬂlou{ng week emphasized
only positive teaching behaviors. This process, termed
"supportive intervention,®\resulted in longer wait times by
teachers and students, higher cognitive questioning levels by
teachers, more student-student interaction, fewer disciplinary
remarks, fewer classroom management actions, and more epthusiastic
teachers. !

The results of this st ;>\indicate that the use of the
electronic device coupled with supportive intervention can
effectively improve classroom ‘interaction between students and
teachers, !
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ACQUISITION OF WAIT TIME; . TRAINING TECHNIQUES AND RELATL
TEACHER BEHAVIURS: MODELING PROTOCOLS ’

Linda R. DeTure
Rollins College
Winter Park, FL 32789

ABSTRACT

A major concern associated with wait time research is .
developing an expedient process for training teachers to '
.effectively engage in criterion wait time. The consensus of the
research is that if teachers use 3 plus seconds during discussion
many positive benavior changes occur in both teacher and student
outcome variables. However, having teachers internalize and value
the proposed patsing patterns goes beyond simple training.

DPeveloping etfective training techniques has been a
necessary focus of a number of research projects. Two: successful
approaches have involved either the principles of observational
learning via sodeling or the advent of a mechanical device that T
gives continugﬁg feedback to the participants. Training is the
initial step ih implementing wait time into classroom practice,
It appears that follow up support is necessacy for what may be a
critical period when the teacher begins to adopt extended wuit
time as an effective teaching strategy. Studies with preservice
and inservite teachers support this notion. . ! -

The purpose of this paper is to explore the research

related to tratining and to examine strategies that will enab'~
teachers to utilize wait time as an ongoing practice.
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CONCEPT MNAPPING: A LFARNING STRATEGY FROM RESLARCH
PUT INTO PRACTICC

Laine Gurley-Dilger
Township High School District 214
2121 s. Goebbert Rd.
Arlington Heights, IL 608e5

-

ABSTRACT

Since 1975, the Coxnell University Science Education
pregram has employed concept mapping in most of the research
studies. “Since 198¢, cdncept mapping has been used in innovative
teaching programs in the northwest suburban Chicagqo area, as well
as in the inner city of Gary, Indiana. We have found that
students from grade one through graduate school benefit from
constructing concept maps in that the maps teach them to identily
and relate key concepts and propositions in materials they are
studying., Also, concept mapping helps students to “"learn how to
learn.™ This strategy is meaningful for teachers in the
organization of their teaching presentation as well as in the
evaluation ot misconceptions in their students. In this wvorkshop,
geveral illustrative concept maps will be presented along with a
brief{ introduction to the psychological principles underlying
concept maps. A simple concept map will be constructed from a
short text, and from a list of related concept words.
Participants will construct a8 simple concept map. Cumputer
programs recently developed on concept mapping will be available.
_Examples of procedures to teach ‘concept mapping' to students will
[be provided., Participants should be ready to understand research
[ relevant to education issues sugqgested by concept mappihg
strategies.

32

Ic 52




Seg§sion A-12
CONMPUTER INSTRUCTED AND COMPUTER FACILITATLD CONCEPT MAPPING

Timothy L. Schaap
High School District 214
2121 S. Goebbert Road
Aitington Heights, IL 600U5

ABSTRACT

Educational research has established :haﬁ con
CM, is a technique that facilitates "meaningful® lea
llowever, teachers have not made a commitment to use t is learning

" tool. It would appear that teachers are reluctant to \commit class

E

time to. the teaching and evaluation of CM at the expenise of time
previously allocated to course content areas, The only solution
to this dilempa comes about if we can become so efficieht at
teaching and evaluating CM that in~class time used for this
purpose s minimized.

For this reason the Apple computer is the key to the
success of our proposed program. It can provide out-ofe-c ass
tutorial instruction in CHM which will be personal, convenient and
fepetitive. It will provide sufficient Structure to allo
efficient in-class evaluation of CH by both tgachers and students.

Thercfore, it is the goal of this study to instruct §-1g
chemistry teachers and 50¢ students enrolled in junior chemistry
in how to concept map chemistry assignments using only one dhy of
in-class time and computer aided instruction, CAI. An interdctive
computer tutorial and audiovisual aids have been created for
purpose,

A second and equally important goal of this study is to
demonstrate that microcomputers can be used by faculty and
students to create concept maps. Students and teachers will
realize that computer generated concept mapping allows uniformi Y
flexibility, and storage which are impossible to achieve by pape
and pencil methods, : “
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\ CONSTRUCTING VEE MAPS FOR CLINICAL INTERVIEMS
‘ ON ENERGY CONCEPTS

. \ ) -

R | Charles R. Ault, Jr.

. ‘ Indiana University
282 Education .

Bloosington, IN 47405

1

i : .
' * ABSTRACT \

O |
&he purpose of this study was to apply the "Knowledge| Vee®
to the task of interpreting and rép:esentinq children's eneryy
conceptions as expressed during clinical interviews. ' Vee analyses
were coAducted on five transcripts covering the twol year 1nté§va1
from sixth to eighth grade for three student:.
) : : } -
Children resisted interpreting events in terss of meanihgs
which challenged the relationships among highest level concepts.
They clectly derived theixr grade eight level of understanding from
concepts present in grade six. Those with “richf i ;

ccnceptual;zat&on improved in understanding the most. \
\ \
The Vees for enerqy concepts highlighted a tendency to

misconstrue meaning in a sanner consistent with everyday °
observations enerqy is fuel-like and gets. used up.
Energy-being-used-up hinders progress in grasping the law of

. conservation of enerqy. The sissing (yet iearnable) proposition
in children's knowledge seems to 'be that all the energy that made ,
a chanye occur still exists, only in changed form, afterwards.
Children appear to resist labeling many cyents examples of energy
perhaps because they harbor the "source of fuel" image of energy.

In summary, the Interview Vee captures steps in the
evolution of an individual's understanding and amplifies y
persistent, idipsyncratic patterns in personally gqrasped meanings.
The products of Vee analysis support the utility of an Ausubelian
explanatory framework.
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EVIDENCE THAT SC.LTNCE LOCUS OF CONTROL ORICNTATION
CAN BE MOPIFIED THROUGH INSTRUCTION

David L, hLaury
Depart..ent of Education
i Tufts University
ledford, MA @2155

©

ABSTRACT

A desire to foster enduring, positive attitudes toward
science teaching among elementary school teachers led to study of
locus of control orientation as a contributor to attitudes. On
the basis of jevidence for-a strong, positive relationship between
internality and positive attitudes toward science teaching, it was
decided to explore the possibility of fostering internality
through instruction. Studied, then, was the effect of a required
zCience methods course on the science locus of control (ScilOC)

crientations of preservice elementary teachers. o

A quasi-experimental research strateqy was employed to
study the offects of two instructional ~reatments. The strategy
comprised a noneguivalent control group'design, pretest measures
to, demonstrate the essential equivealence of treatment qroups, and
analysis of covariance (ANCOVA) techniques to test treatment
effects. Both treatments incorporated strategies shown by
research findings to have positive effects on the attitudes of
subjects, but the novel treatment emphasized self-management, goal
claritfication, and individualized course expectations. The.
compari1son treatnent was more conventional in emphasizing academic
achievement and the completion of a standard set of course o
requirements. ’

At the contlusion of treatment, the two subject groups were
compared in terms of ScilOC orientation. There was found by '
ANCOVA to be a statistically significant (p < .d5) difference
between groups, with subjects exposed to the novel treatment
exhibiting gred  internality.  The quantitative comprehension
and age of subjects were used as covariates of ScilOC orientation,
and subject gender was employed as a moderator variable. . Though
the t.~atment effect i: small, occounting for 3V of the variance
ip S5ciLC orientation, the finding seems to have educational
significaice. The demonstration that SciloC internality can be
enhanced through implementation of some rather passive
instructional techniques over a l0-week period seems significant
d4s a demonstration of potential, potential to be realized through
further fesearch. These results encourage attention to teacher
attitudes from a rather new perspective, and they raise several
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interecting research yuestions related to instructional methods
and the long tecnm offects of enhancing internality,
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« THL ROLE OF THE SCIENCC TEXTBOOK
IN A CONCEPTUAL CHANGE.NMODEL OF INSTRUCTION

v

Kathleen J. Roth :
HMichigan State University ‘ L
Institute for Resecarch on Teaching
201B Erickson Hall
Eost Lansing, HI 48824

ABSTRACT 3
f

The paper draws on previously published work ahd two
studies recently completed by the author to develop a theoretical
position concerning “he tole that science textbouks can and should
play in classroom teaching for conceptual change. One of the
studies reported compared student processing and coaprehension of
a text designed to proRote conceptual change with student ,
processing and comprehension of two traditional texts. The other
study investiyated the effects of the experimental text on teacher
behaviur and student learning in a classroom where an activity-~ -
based proqram was in use. In both studies, students using the
experimentul text were much more successful in telingquishing their
misconCeptions in tavor of scientific understandings about
photosynthesis and food for plants than students using the
traditional texts or, than students receiving activity-based
instruction. Ffeatures of the text and of its successful use in
the classroom are contrasted with features of traditional texts
and traditional textbook instruction. The argument is developed
that, while traditional texts prove more often to be obstacles to
student learning rither than aids, a text can be a usefpl tool in
conceptual change teaching if the textbook is sensitive to ,
students' misconceptions., It is proposed that a new kind of '
textbook development based on knowledge about students'
misconceptions is needed.

<
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EFFECT OF PRETEST CLINICAL INTERVIEWS ON
POSTTLST CLINICAL INTERVIEWS FOLLOVWING INSTRUCTION

I'red N. Finley
University of Maryland
Science Teaching Center
Room 0227 Benjamin BDuilding
College Park, MD 208742

ABSTRACT

-
Recent theories in cognitive psychology squést that what

students learn from instruction is a result of the interaction of

their prior knowledge and instructional content. As a result,

researchers in science education are viewing learning as the

changes in knowledge that result from instruction. The assessment

of knowledge changes is often being done by the use of

pre-instruction and post-instruction clinical interviews. There

is, however, a potential problem in the use of clinical interviews

in this manner. The initial clinical interview may alter what

students learn from the instruction, thus changing their responses . .

during the subscequent interviews. ‘///ulé"g

The purpose of this study was to determine the effects of
pre-instruction clinical interviews on post-instruction
interviews., Two 7 four students were randomly selected from
celeventh grade couMistry classes and randomly assigned to either
an experxmehtal or a control group. The experimental group was
Given & pre-instruction interview, instruction in the form of a
reading passaqge about thermal enerqy transfer, and a
post-inpstruction interview. The control group read tge passage
and participated in the subsequent interview. There was one week
between the first interview and instruction and one week between
the instruction and second interview. During the interview,
students were presented with an activity in which thermal energy
transfer occurred. They were asked to predict, describe and
xplain the event. In addition, the interviewer asked questions
rduiring students to clarify the concepts they used.

he 1nterviews were tape recorded, transcribed and analyzed
to detérmine the propositions students used to describe ang
explain the cvent., The neaning of each related concepts such as
heat, water, or molecular rollisions. The performance of the
groups was compared in terms of the numbers of correct
propositions and numbers of incorrect or ambigquous propositions
they used. A similar comparison was made using only propositions
1n which concepts directly related to the reading were used. No
comparison indicated a statistically significant difference.
However, the expcrimental group used a substantially smaller
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percentage ol incorrect or ambiguous propositions in both
comparisons. A quulitative analysis of these differences
indicated the decrease in ipcorrect and ambiquous propositions
resulted 1n o more coherent and understandable posttest interview
for thuse 1n the experimental gqroup. The qualitative analysis
also indicated that four of the twelve students in the
experimental group correctly related thermal enerqgy transfer to

- molecular collisions and changes in molecular motion. This was

the major theme of the passage. Only.one student in the control
Group expressed this complete set of ‘propositions during the
posttest. .

The conclusion was that the initial clinical interview did
not result 1n extreme post-instruction interview differences. ~
However, enough students in the control group learned sufficiently
more coherent and complete knowledge about thermal energy transfer
to be of concern. Additional studies of this problem in other
content domains with larqer n's are needed,
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BIOLOGY INSTRUCTION BY INTERACTIVE VIDLODISC OR
CONVENTIONAI LABORATORY: A QUALITATIVE COMPARISON

William §l. Leonard’
Louisiana State University
College of Education
pBaton Rouge, LA 70883

ABSTRACT
"
This study was designed to learn if students perceived an
interactive computer/videodisc learning system to represent ) /
viable alternative to {or extension of) the conventional /
"laboratory for learning biolougy skills and.concepts normally

taught under classroom laboratory conditions. Data were collected

by questionnaire in introductory biology classes of three /
cateqorically different postsecondary institutions where students i
used an interactive videodisc/computer lesson on respiration and ‘
blogeography instead of the traditional laboratory investigation,

The system consisted of a TRS-80 nodel ITI microcomputer

interfaced to a Pioncer laser disc player and a color TV monitor,

Students {ndicated a comparatively high level of
catisfaction with this strateqy and responded consistently
favorably to the aspect of efficiency of instructional time.
These two generalizations are consistent with past CAI reseatch.
Students fo' ad the two approvaches to be eguivalent to conventional
laboratory instruction in the areas of general interest,
understanding of basic principles, help on examinations, and
attitude toward science. Students also had a strong perception
that the images on the videodisc "were not real"™ and this factor
presented perceived both advantayes and disadvantages.® It is
inferred that the videodisc/computer technology will not likely
s€rve as a viable substituie to the “wet" laboratory experience,
but that this medium may su>stantially enrich the spectrum of
educational experiences usuully not possible in typical classroom
settings. :

.
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— _INTERACTIVE COIPUTER/VIDEORISC LESSONS AND- “HE IR EFFECT - ——-— ——
T ON STUDENTS' UNDERSTANLING OF SCIENCE

L3

Scott .M. Stevens
flindBank, Inc.
4620 lenry Street
Pittsburg, PA 15213

)

-~  ABSTRACT

v

The purpose of this research was the comparison of
interactive videodisC instruction with standard laboratory
instruction in a college level physics. course, TForty-nine
students enrolled in physics at George Mason University took part
in the study. ‘Twenty-two students formed the experimental group
and pertformed the interactive videodisc laboratory "The Puzzle of
the Tacoma Narrows Bridge Collapse.” The videodisc laboratory was
enhanced by the investigator to make it a computer controlled,

- Level Three Videodisc Lesson. Twenty-seven students formed the
control greup and performed a traditional laboratory on the
physics of standing waves on strings. The criterion instruments
were an investiqator=constructed content pre and'post-test, the
Schwirian sScience Support Scale forms A and B, subjects’
Llaboratory Data Ta.les, and Computer Recorded Data Tables. Using
analys:is of covariance, no statistically significant difference
was found in the performance of the two groups on the Physics P
Coatent test. Apn analysis of variance on the L boratory Data
Tables and the Computer Recorded Data Tables sh :ed that the two
§roups separated and controlled variables in s.gnifieantly (p <
-8¢l) difterent ways. A chi-square test {p < .08085) on the
Computer Recorded Data Tables showed the stud:nts in the
experinental gqroup were selecting variables .n terms of symmetric
patterns on the video monitor rather than s:.parating and
controlling the vartiables of the videodisc laboratory. Data are
presented that indicate the success of the traditional laboratory
group in the task of separation and contro! of variables was due
primarily to the physical nature of the equipment, not to their
ability to separate and control variables. '
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= \
ON ACHIDVEMENA

EFFECTS OF , NICROCONMPUTER SIHULAT:ONS
- AND ATTITUDES OF MIDDLE SCHOOL STUDENTS

Ldward L. Shaw, Jr.
Southeastern Louisiana Unaversity
P O Box 507
flampond, LA 70402

James R. Okey
University of Georgia
Department of Science Fducation
Athens, GA 30602

ABSTRACT

.

The purpose of this study was to compare the effects of
alternative ways «f-using microcomputer simulations on achievewent
and attitudes of middle school students. The instructional
strategies compared were microcomputer simulations, laboratogy
activities, a combination of the two, and conventional classroom
instruction., Tha measured attitudes were toward computers and
science jnstruction.

Spegific questions addressed in this study were:

1. Do differences in achievement and attitudes exist among
middle school students receiving instruction using computer
sinmulations?

2. Do differences in achievement and attitude exist among
students with different levels of logical reasoning ability?

3. Are the effects of instruction using microcomputer
simulations on achievement and attitude consistent across levels
of logical reasoning ability?

Outcome data were collected from nine classes of sixth and
seventh qrade science students {(n = 173), <Cach class was randonmly
assigned to one of the instructional strectegies. Topics covered
in this study included the process skills of observing,
hypothesizing, testing, classifygpq, and recording data. The
simulations and laboratory activities were keyed to instructional
objectives which all studc-ts were working to achieve. The
students worked on the simulations as a class with the teacher
operating the microcomputer and simulation programs. The students
warked in qroups of two or three during laboratory activities.

The simulations were presented prior to the activity in the
combination treatment. The study lasted ten days.
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The following unswers to the research guestions appear to

be tenable based on achlevement and attitude data.collected. dusing———
weeeodBectAvEStIGAtIONY T T T T

l. tticrocomputer simulatiors, laboratory activities, and a
combination of the two instructional strategies resulted in higher
achievement than conventional classroom instruction. Neither
achievement por attitude differences were found among the three
treatment groups receiving computer simulations, laboratory
activities, or a combination of the two. NO differences in
attitudes were found among any of the four qgroups.

2. Students at the high and middle levels of logical
reasoning ability out-achieve students at the low level of logical

reasoning ability. No sigmiticant differences in attitudes among
the three groups were found.

}. The effects of the alternative instructional strategies
were Consiutent avross levels of logica. reasoning ability,

}
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UNANSWERED QUISTIONS RELATED TO
PROBLEt! SOLVING IN CHEMNISTRY

J. Dudley 'Yerron
Purdue University
Department of Chenistry
Vi. Lafayette, IN 47997

L ABSTRACT

Previous papers in this paper set describe the role of
spatial ability in solving problems in chemistey, a comparison of
€xperts and novices in solving stoichiometry problems in
chemnistry, and research related to a teaching strategy for
improving groublem solving in chemistry. This final paper in the
set describes where we are in our understanding of problem solving
in chemistry and what guestions must be addressed before we can
make firm recommendations for changing chemistry instruction to
enhance problenm solving ability.

- " Researcn by HNurrenbern, Gabel, Ward, Cantu, Greenbowe, and
-Gilbert in this country as well as research by Johnstone in
Scotland, Irazier in fngland and Ben-Zvi, Silverman and Eylon in
Israel make clear that poor performance by chemistry students on
coumplex tntellectual tasks may be attributed to many factors:

1. S5tudents fail to solve problems because they quit.

2., Students fail because they do aot understand what the
problem says.

3. Students fail because they misread the problem , make
incorréct inferences, make computational errors, quit before
reaching the solution called for, or-oftherwise misapply the skills,

and infornation that they are capable -of bringing to bear, 7

4. Students fail because they lack (or fail to tecall) /w/

intormation needed to solve the problem. .

//
5. Students fail because they do not. represent the problem
1n a suitable problem space. ///

6. OSLtudents fail because they are unable to qipérate a
solution path within the problem space. P

.y
7. Students fail because they lose track q;/wne:e they are
along the solution path. K

[N]
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point iu that woe now have a ygreat deal of information concerning
the various inpediments to problem solving success. Sefore this
knowledge can be traunslated intu prac*ical suggestions fot
instructional i1mprovement, much more re.earch is needed. Among
the uestions that need attention are these:

1. Ve know that many students adopt inappropriate strategies
for solving problems because of "misconceptions® concerning the
mature of the physical world. For exemple, students' conceptions
concetning the mxcruscopxc nature of matter are often very !
difterent from scilentists’ conceptions and those "misconceptions®
lead students to perform "senseless™ operations.” What we do not
know 13 just how prevalént such misconceptions are of how they can
be evasily detected and remediated durirg tie course of
instruction.

2. VWe know that the most common strateqy used by beginning
Btudents, in attacking problems such s those commonly encountered
in texts 1y to instantiate a memorized Jule or formula. We also
Know that such “bling" applicatiocn of rules and formulas
ﬂruquvntly leads to fncorrect "solutions llowever, it is also
tiue that successtul) iproblem solvers make frequent use of the
rblvu andt tornulas so frequently misapplied by poor problem

lvers. e need to know more about when and how rules must be
&uqht in vrder for them to be applied appropriately. Tor
eNample, did eapert problem solvers go through a stage in which
they also misapplicd the rules and formulas that they now use
correctly?  Is 1t necessary (or at least desirable) to bring
stydents to o certaln level of proficiency in applying rules 1n a
more or less rote manner vefore we can reasonably expect them to
address nbn-toutine tasks successtully?

3. t 15 apparent that successtul problem solvers utilide
many ' strategies for verifying procedures that they are using tg
sulve protilems and that they apply these procedures routinely. )
They often seem to be unconscious that they are in fact check.ig
on tnhe valud:ity of what they are doing. What we do rot Know x;\
Just how 1hdividuals went akout developing these intellectual \
hobits and|to what cxtent they can be fostered by deliberate )
instruction. |
4, It'is also apparent that the procedure followed by |

"expert" prablem solvers when they are solving novel problems are
very differenpt from textbook solutians that tell students how to
go about solving problems. To what extent does such
misrepresentation of the problem solving process deter the
development of problem solving skills on the part of novices? 1If
1t 1mpedes rather than enhances the development of problem solving
skills as some of us suspect, what should be substituted for the
kind of textbook solutions we now see?
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THE LFFLCT OF A PROLLE{{-SOLVING METHOD ON
PROBLEM-SOLVING PROCESSES

David V. Frank . X :
Purdue University
Department of Chemistry
W. Lafayette, In 47907

, J. Dudley tlierron
Purdue University
W. Lafayette, IN 479987

CABSTRACT

.A problem-sulving method of teaching is being used in the
recitation sections of a university-level freshman chemistry
course tor science and engineering majors. This aethod is based
on prior results of research on problem solving by Greenbowe and
Wurrenbern which revealed that guod problem solvers formed better
representations and used heuristics more often than poor problem
solvers.

Briefly, the model for solving problems consists of three
phases: (1} planning the solution, (2) solving the problem, and

{3) eviewing the solution. The use of general problem solving

strategies, or heuristics, is stressed throughout, as is the use
cf three different modes of representing the problem (the
macroscopic level, the microscopic lewel, and the symbolic level).

A posttest-only cuntrol-group desiqn is being used tog
experimentally test the model. Two instructors . are each teaching
a control section and an experimental section. ECach section has
20 to 24 students. In the control section, the instructors are
primarily quing over the assigned problems for the week at the
students' request. In the experimental section the instructors
are using the problem-solving model for both students' questions
and new problems 1n recitation.

After twelve weeks of instruction, students in the study will
be given 1individual think-aloud interviews to juwdge their use of
selected problem~-sulving processes. @
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Sension A-15

THL ROLL OF SPATIAL ADILITY AND ACITIEVEMENT
IN ORCGANIC CHENISTRY ?

Jeffrey R. Pribyl
Purdue University
Lepartment of Chemistry
est Lafayette, IN 47997

George M., Dodner
Purdue University
Department of Chemistry
Vest Lafayette, IN 47907

ABSTRACT

The purpose of this study was to investigate the role that
spatial ab:lity has in achievement in organic chemistry. Spatial
ability for this study was defined as containing two subfactors:
Spatial Visualization andg Spatial Orientation, Spatial
Visualizatjon is the ability to mentally manipulate pictorially
prescnted stimuli. Involved in the processes of manipulat;on are
the abilities of recognition, retention, and recall of a
contiguration in which there is movement among the internal parts.

" Spatial Orientation is the ability to remain unconfused by L.
changing orientations in which a configuration may be presented !
Spatial Orientation was measured using the Purdue Visualization of
Rotations Test and Spatial visualization was measured using the
Fing a shape Puzzle, Achievement was measured by students' cxam
SCores 1n an organic chemistry course. The course used was CHEM
257, & course designed for nonscience majors, particularly for
those students in agriculture and health sciences. Scoies on the
Scholastic Aptitude Test, SAT, were used as covariates,

Both the analysis of variance and the analysis of
covariance sugdest that there is a difference between the mean
e€xam score for the spatial groups. For CHEM 257, the low spatial
group scored significantly lower than the hign spatial group on
the orqanic exams.,

Also looked at were the similarities and differences
‘between the work of the high and the low spatial students. The
high spatial students made more use of drawings than the low
spatial students on questions that asked for drawings and also on
questions that did not ask specifically for drawings. It was also
founa that students, reqardless of 'spatial ability, who drew
pictures scored higher on the exans. " :
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SPATIAL ABILITY IN GENCRAL CHOMISTRY .

Carolyn Carter
Purdue University
Department of Chewistry LV
tlest Lafayette, IN 47966

Annette LaRussa
Purdue University
pepartment of Chemistry
West Lafayette, IN - 479C€06

George !. Bodner
Purdue University
pepartment of Chemistry
West Lafayette, IN 47986

.

ADSTRACT

This study examined the relationship between spatial skills
and achievement in college general chemistry coursework.
Preliminary work by ticMillen and Bodner has shown significant
correlations between level of spatial visualization and
urientation ability and success in a chemistry course designed for
science and engineering majors., The present study is an in-depth
teplication of Mcilillen's work with two Groups of studesnts (N
approx. 160¢) of science and engineering majors enrcollied in a
first semester qeneral chemistry course. We also extended the
study to a lower-level general chemistry course of about 800
students. This second course, designed for agriculture and
pursing majors, was studied in order to determine whether spatial
skills would be a more effective predictor of success in a
.chemistry course where lower levels of performance are expected,
‘but also where student ability levels are generally lower. Sex
ditferences in spatial ability and possible interactions between
sex, Spatial ability and chemistry achievement are also examined.
Implications of the study for teaching science are discussed in
relationship to recent data on the trainability of spatial skills.

/
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Session A-15
COGNITIVE RESTRUCTURING AS A FIRST STCP IN PROBLL{1 SOLVING

George Ii. Bodner
Purdue University
Department of Chemistry
tiest Lafayette, "IN 479¢7

Theresa L. U, licMillen
Purdue University
Department of Chemistry
West Lafayette, N 479907

ACSTRACT

Chemists have bemoaned for years their students’ inability
to solve problems in introductory chemistry courses. Howevor . ac¢
least part of this tnability must be attributed to the fact that
chemists have historically tried to teach their studefits to solve
problems by doing nothing more than working examples,

In recent years, chemists have begun to realize the
importance of ge~'ral strategies or heuristics in problem solving,
and they have become particularly enthralled with the "road map"
approach to problem solving. There is abundant evidence however,
that students who understand the road map approach to problem

solg ng all too often still cannot solve "simple” stoichiometry
problefs,
. X

The hypothesis behind the research discussed in this paper
is the assumption that there is a preliminary s.1ge in problem
solving which most chemists have neglected. During this
preliminary stage, relevant information is disembedded and the
problem is restructured, Until this stage is successfully -
completed, the student cannot proceed orn to the analytjc stage ip
which the road map Qeuristic can be applied. )

Preliminary evidence supporting this hypothesis will be
presented which suggests that there is a linear correlation
between the students' ability to handle disembedding and cogpitive
restructuring tasks in the spatial domain and their ability to
solve "simple* stoichiometry problenms.
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AN EXPLORATION O DLENENTARY STUDLNYS' SCIENCE ACHILVENDNT AS
A FJNCTION OF LUSSON STRUCTURE AND COGNITIVL STYLE

Larry D. Youre
Universaty of Victoria
Faculty of ULducation
P, O. Box 1708
Victoria, British Columbia
CANADA V8., 2Y2

ABSTRACT

Puucators have conscantly attempted to develop teaching
strategies that complemented the learners’ attributes to
effectively achieve desired learning outcomes. Recent studies
Suyyested that external iesson structure might compensate for the
lack of internal learner structure. Two sources of external
structute were consildered, specifically teacher structure and
content structure. ‘Teacher structure was expressed by the degree
of specific directions, instructions, procedures and vrganization,
Content structure is coxpressed by the nature of the science topic
being investigated, specifically descriptive science (biology) or
prescriptive scilence (physics). Since Lontent structure is
11G1dly connected to the science topic, it 1s difficult to. simply
explore the aftect of content structure.

This study explored the effects of inquiry teaching/learn-
ing strategies varying in the deqree of structure {a semi-
deductive mode; content structure + low teacher structure and a
teacher structured mode: content structure + high teacher
Structute) and studeants with different cognitive styles
{field~dependent and fi1eld-ipdependgent) on the res.lting science
achrevement (knowledqge about magnetism, knowledge about chemical
analysis and i1dentification of chemical unknouwns) of elementary
schoul children. Two inguiry presentations were developed for two
sClence topics; lagnets (EIS) and Myster Powders (ESS). One
preseatation mode encouraged relatively free exploration, while
the second presentation node provided a teacher-~directed
investigaticon. Cognitive style was assessed by the Group Embedded
'igqures Test (CEFT), which described the students' cognitive
style, along a tield-dependent/field-i1ndependent continuun.
Scrence achievement was measured by teacher-made tests of
knowledqge and application.

Analysis of data indicated significant {p < 9.85)
ditferences between cognitive styles favoring fxer—independent
students and non-significant (p > 0.8%) differences and
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RLLATIONSHIP ANONG FORIIAL RCASONING SKILLS, GLENDER, AGLH,
SCHOGOL TYPL AND COGNITIVE LIIARNING ABILITILS
OF ISRALLI SCECONDARY SCHOOL STUDLNTS

r'ichal shemesh .
Dept. of Education in Technology and &cience
Technion, Isracl Instjtute of Technolegy
Technion City, Haifa 320400
ISRACL '

Reuven Lazarowitz
Dept. of Fducation in Technology. and Science
Israel Institute of Technology
Technion City, flaifa 32000
ISRALL

-~
.

ADSTRACT

A Video-Taped Group Test (VTGT) of formal tasks was used in

order to assess high school students' formal operational level and
'—‘ftn-#¢qgwuut if there are any relationships between students!
tendency

~ thei

o study science subjects, their cognitive abilities and
ropertdsgance on Pragetian-like formal tasks.

The sample consisted of 374 high school students from 7th

to 1llth grade, with an approximately ecvual number of boys and
girls, from urban and rural schools.

The VIGT was content validated by science educators and

high schuol science teachers who obtained an inter-judges’
agreement of .93, In a pilot study withs 300 students, the
internal reliability analysis yielded a value of a = ,83, The
mean score trom a scale of ¢ to 22 points maximum, on VIGT, was

the
sSubj
o ! cate

t-te
the

dependent variable, and gender, age, school type, science
ect preferences, and cognitive learning abilities served as
guries for the independent variables.

The mean scores on the VIGT were statistically treated Ry o
st, lincar reyression and three-way analysis of variance, by
cdategories mentioned above.

The results show that differences in VIGT achievements

between boys and girls appear tn the 7th and 8th grades and peak

at a

siynificant level in the 9th and 1l8th grades. It was also

found that boys and girlse use different cognitive abilities when
performing the VPGT (girls tend to rely on verbal ability while

boys
main
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telate more to spatial cues). Gender was found to have a
effect on the variance of the VTGT mean scores, even when the
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ditterences oh mathematical abilities were eliminated, ‘'hile the
gender—age intetaction was found th have a significant effect,
sthool type  as not found to have any significant impact,

s

The findings of this study support the hypothesis that
girls and boys, at a certain age or grade level, do not master
formal operatiun skills to the same degree. Moreover, they tend
te use ditferent cognitive learning abilities in dealing with
tormal tasks.  In addition, girls show a low preference rate for
sCience 1n qeneral, This anformation can help curriculum
designers mateh the cognitive demands of the scientific concepts
learned with the coynttive development and abilities of the

students.  In this way they can better mect the needs of both male
and female students.
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FPACTORS INTLULNCING HICGH SCHOOL STUDERTS' SCILNCL
ENROLLMINT PATTLRNS: ACADENIC ALILITILS,
PAKLLTAL INFLUENCLS, AND ATTITUDES
TOWARD SCIUENCE

Ghada A. Khoury
The University of Michigyan
925 Church St., Apt. #6
Apnn Arbor, MI 48104

Burton L. Voss
schonl of LCducation
University of tiichigan
Ann Arbor, H1 48199

ABSTRACT

Using a path analytic model, this study was designed to
assess the relative impact of different factors on science
concentration decisiuns made by high school students. Included in
the uodel were welected demougraphic and s civeconomic factors,
dcademic abilities tacturs, indicators of home and school support,
attitudes toward science, and students' science enrollment plans.

The subjects were 237 tenth grade students in two schools
of a Midwest school system.

Two instruments were used <o collect data related to the
selecte. tactors. School records were usaed to obtain math and
sCrence grades and the Calitornia Achievement Test scores from the
previous school yedr. Descriptive, rtelaltional, model-fitting
énalyses were used. The results irdicated that students,
especially females and blacks, terded to avoid advanced and
quantatative science courses. Student attitudes toward science
were low, uspecially their motivation and self-confidence in
learning science. Though they were higher achievers, females
expressed less enjoyment in learning science than did males.
Hales, more than females, stereotyped science as a male domsin.
Attitudes and past pertormance appeared to influence course plans
tor both males and females. Among the attitudes, student
motivation and uscfulness oOf science were the most important
predictors for course plans. The path analysis showed that males
and females differed in the order of importance and kinds of
factors that shape their concentration decisions. For males,
gencral achicevement, motivation, aird family climate were the most
important toactors to influence course plans positively and
directly.  In contrast, usefulness of science, general
achievement, and teacher support were the most important factors
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influcencing terale course plans,  lLome environment contributed
nore to o male attitudesn towdard science and conseyuently to science

L4
concendration decisaions, : i

The study sugqested the following actions: improved
achievenent in junior high school years shoul ! be enptasized;
teachers and parents should motivate and encoiraqe students to
select nore scilence courses; and the unique value and usefulness
Ot cach science course should be’explained to students as early as
possable. Purther research should examine, 1n a causal framework,
factours intluencing enrollpent decline in specific areas, such as
a Physical Scivnce course designed for students taking advanced
He10r courses, Advanced Placement Chemistry, and other advanced
LUCIenNie Colrses, .
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EFFECTS OF COMPUTER-BASLD DIAGNQSYTIC INSTRUCTION ANLD
NON=DIAGNOSTIC INSTRUCTION ON LALORATORY
ACHILVINENT IN GENERAL |SCIENCL

i

Danny L. licKenz e I
University of South Capolina
T Depastment of Instruction and Teacher Luucdtion
Columbia, SC 29208

Sally Karnau
Southwest Texas State Universily &
Biology Department
San’ Marcos, TX 78666

ADBSTRACT

This study was conducted to assess the effects of computer-
based diragnustic testing on laboratory achievement in a colleqer
level general science course. Ninety-one preservice elempentary
teachers enrolled 1n four laboratory sections of general science
wore availatle for study. Intact classes were randomly assigned
to one of two treatuent qroups. Only one instructor was employed
1n the study. *

All subjects completed the same laboratory activities
during a seven week period. Subjects in treatment group one
{diagynostic group) were then provided access to a 22 item,
multi, le choice, coumputer-based diagnostic test, Upon completion
of the test, a summary of the subjects' performance on varidus
Course ' jectives was provided. Therefore, subjects in this group
were able to diagnose their own deficiesties 1n the laboratory
portion of the course. Subjects in treatment group two (non-
diagagnostic) did not have access to the diagnostic test.,

Following treatment all subjects were administered a >
teacher ymade laboratory examination. Subjects in the diagnostic
Group also completed a trief attitude survey designed to assess
the percelved usefulpess of the diagnostic test,

Results from this study indicate that students provided
with diagnostic instruction did not perform significantly better
than the contrast group on the laboratory examination., Perhaps
the lack of achievement difference can be attributed to the format
of the diagnostic test. The test did not provide students with
immediate feedback conCerning their performance on each item, but
only with a summary after completing the entire test.
Approximately one half of the subjects in the diagnostic group
freported the test could be improved by providing answers to the
gquestions that” they missed. Results »f the attitude survey
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suggest thot students believe the diagnostic test was helpful in
preparing from the laboratory exam., 1In addition, subjects report
the testing. procedure should be a regular part of the course.

<G
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Sesvion A-18

LEARNING QUTCOHES OF CONPUTER PROGRAINNING INSTEUCTION
FOR MIDDLE-CRADE STUDENTS: A PILOT STUDY

I' Cerald Dillashaw
Bradley University

Department of Clementary and Secondary ECducation
Peoria, IL 61625 .

Samuel K. Bell
v ) Bradley University
Department of Clementary and Secondary CEducation
Peoria, IL 61625 ‘

ABSTRACT

This study investigated the effect on the growth of logical
thinking skills of middle-grades students when taught computer
programming using the BASIC language. A quasi-experimental design
was used with 36 students randomly selected and assigned to one of
two treatment groups: 18 students received no instruction in
programming {the comparison group) and 18 students received
programming instruction for 1g weeks (the experimental group).

The Test of Logical Thinking (TOLT) was used as a pretest and
posttest measure of logical thinkiny skills. The posttest scores
were analyzed using analysis of covariance procedures with the
pretest TOLT scoures as the covariate, The results indicate no
significant difterences in level of logical thought at p = .18 (F
= 2.52, p = ,12). .
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THE LYPECTIVLNESS OF A COMPUTER<ASSISTLD-INSTRUCTION PACKRACE
IN SUPPLENLNHTING TEACHING OF SELLCTLD CONCEPTS Il HIGH
SCHOOL CHLNISTRY: WRITING TFORIULAS AND BALANCILG
CHENICAL ECUATIONS

Camil¥e L. VVainwright -
Mounds Park Acadenmy
2051 llast Larpenteur Avenue
St. Paul, NN €6149

¢

ADBSTRACT

In this study, the use of a commercial microcomputer
software package was evaluated as. a supplement to traditional
dnstruction 1n general chealdstry classes in a suburban high
school. The unit of study during the experimental period
consisted of writing and naming formulas, and balancing chemical
eguationys, The experimental group received drill, review and
teintorcenent by using thd microcomputer for lessons three days
each wepk for a three week period, The control group used
conventional paper-and-pencil worksheets for their lessons; all
exercises on the worksheets had been generated by the computer
software and were consistent between treatment groups in content,
diversity ang.di1fficulty level.

The results of the study are summarized below by research
Juestion:

l. In supplementing traditional instruction in selected

: chemistry topics, do the attributes of microcomputer
materials contribute to effective learning as measured
by an achievement test?

In this study, the-use of the microcomputer materials did
not contribute to nore effectxve learning on the selected topics;
the control group students' scores were significantly higher on
the’achievement test than the CAI group mean.

2. Among chemistry student® of differing levels of
cognitive development, is CAI an effective supple-
ment to traditional instruction?-

Based on suggestions in some research literature that CAl ‘
may be especially effective for students of low cognitive
development levels, achievement scores were analyzea ®otween
non-formal and formal operational students, as measured by
Lawson's Classroom Test of Formal Operations. No significant
interactions were found to favor either CAI or the control
activity tor students of differing cognitive levels.

’

59

Q | . [ | :753
ERIC ~

Aruitoxt provided by Eic:



ERI

Aruitoxt provided by Eic: |

i

.

3. As a result of using CAI in i, S, chenastry, do
students have o more positive attitude toward
vomputers, chemiotry, and computer-assisted

. instructaion? °

In measuring attitudes toward computers, differential
treatment etffects were discovered between males and females as
indicated by an interaction between treatment and gender. Teomales
displayed attitudes toward computers that were nearly identical
regardless of treatment group. | fiales' attitudes, however, were
tuar more favorable toward cumputers in the experimental (CAT)
group; especially favorable wore males' attitude touward the use of
CAI 1n chemistry instruction,

bl

In an analysis of attitudes toward chemistry, females'
attitudes were more tavorable 11 the control {non-CAI) hroup;
males' attitudes toward chemisti s were essentially the same
between treatment groups.

Other results reported included correlations of achievement
and affective measures with demograpbic and other Background
variatles. A preliminary error analysis scheme is also presented
for determining sources of errors students make when learniny to
write and name .chemical formulas,

y
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Tht ACHIEVELECNT OF POOR VISUO=SPATIAL : TUDENTS N
INTRODUCTORY COLLEGE EBIOLOGY ¢

Thomas R, Llord
Burlington County College
Pemberton-Drowns [1ills Road
Yeaberton, NJ 08008

ALSTRACT

BEducators involved with the troubled learner have found
that the addition of visuo-spatial exercises into the lesson often
leads to qreater learning and greater motivation in students.
Indeed, it has been known for some time that classe» in the
sciences and matherutics require a modest level of spatial
accuracy 1f mastery of the material is to occur. It was the
intent of this study to find if students classed as poor in
visuu=-spatial aptitude were truely at a disadvantaqe in the- study
of introductory college biology.

v

Une hundred and twenty collegd® bioloqy students were ¢iven
a series of standardized pencil and paper tests to judge their
visuo-spatial accuracys The tests included tasks for measuring
spatial orientation, visualization, and field dependency-
independency. Students falling more than one standard devxatxon
from the mean on any of the spatial tests were classified as low
in spatial aptitude and made up one group of the study. A second

group of students was randomly selected from the average and above ,

average population. Consideration, however, was given to gendes
to assure an identical male-female ratio with the poor spatial
group. A standard t statistic run on the test means verified a
significant ditference in spatial aptitude between the two
populations.

The prorly spatial population was subdivided into an
experimental and control segment to see if training on spatial
exercises would have an effect on biology achievement. The planes
through solic intervention, previously shown to successfully

.develop visuo-spatial aptitude, was performed with the poorly

spatial students in the experimental group.

A second version of each pretest was administered to all

“the biology students at the end of thk semester, The results of

the tests i1ndicate the poorly spatial students in the experimental
group had significantly i1ncreased their spatial awareness over the
semester. However, when the final grade in the biology course was
checked to see if increased spatial awareness had any effect on
academic achievement, nonrn could be found. The students in the
experimental group did pot receive a significantly better grade
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than their poorly spatial peers, Overall, both groups of poorly
spatial students received grades ot the lower end of the grading
scale., It is fult that if the study was carried over a lorger

period of time, different results would be obtained, The study

does reinforce the theory, however,

a detriment to students in biolagy. ...
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Sesuion A-190

AR ASSUSSHENT OF THL QUANTITATIVE SKILLS OF STUDLENTS
.TAKING INTRODUCTORY COLLEGE BIOLOGY COURSES

oo

Jeffrey Flake Marsh
. . North Carolina state Univeroity-
& RR ¥#3, Box 317 . ,
Vadesboro, NC 28174 B

) Nornan D. Anderson
~ horth Carulina State University @
* Lox 7801 Poe viall ”
italei~h, NC 27696

2
ABSTRACT

i The mithematicai skills possesseld by students tak ing

introductor  colleqe biology courses were investigated, A list of
© 23 mathematical competencies was identified as part of the

development of a 46-i1tem multiple choice test to measure the
extent to which students possessed these competencies. The
Giomathematics Skills 'Test (BST) was administered at the beginning
and end of the 1983 fall semester to students in introductory
biclugy courses for scionce majors (BS 10€) and «nonsc’ ence majors
(S 105) at north Carolina State Unsversity. FEight hundred and
four students took the pretest, but only 354 took tne posttest.
The overall average for the preotest was- 7% for DBS 109 students
and 65% for BS 105 students,

The relationshiips between the mathematical skillg possessed
by students at the beginning of the semester as shown by the psT
pretest and 15 variables dealing with solected student
characteristics were examined. There were significantly posdt.ive
correlations for 12 of 15 variables in the case of BS 100 pretest
scores and 11 1n the case of B5 1d5. flales did significantly
better un the pretest than did femal?s in the case of BS 1g@, but
there were no significant differences in the case of BS 18%.
Whites did significantly better on the pretest than did blacks in
botf courses. Tie means for a combined group af Hispanics,
indians, and Asians were not significantly different. than for
whites, but were higher than for blacks in BS 100.

)

. The type of biology course (BS 188 or BS 105) taken was
found to be significantly related. to BST performance., The
variable nf taking or not taking a mathematics or statistics
cours dut.ng the semester was not sionificantly related to BST
performance. ) o .

The BBT pretest and seven other variables were used to
determine the best predictots of success for the two biology

-
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courses.  SAP-Mathematics, SAT-Verbal, ftigh School Grade Point
Average, Aye, and LHT pretest were significantly predictors of
success 1n DS 10U, BS 10%5 predictors were ligh School Crade Poin
Average ana LET pretest. '
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Sesvtion A-19

PLLDICTION OF ATYRITION ANONG MALE AND I'EHALD COLLIGE BIOLOGY
HAJPES USING SPECIFIC ATVITUDINAL, SOCIO-CULTURAL, AND
TRADITIONAL PRLEDICTIVE VARIADLES

Hlarsha Lakes Hatyas
Purdue University .
Departments of bLiological Sciences and Lducation
Chemistry 216
Vest Lafayette, IN  §7907

Jane Butler Kalile
Purdue University
Departnents of Piological Sciences and Education
Chemistry 221 .
Viest Lafayette, IN 47907

ABSTRACT

R

Although the proportion of colleqg life sciences deqrees
earned by women 1s increasing, women remain underrepresented in
the life sciences' labor force. A contributing factor in this
underrepresentation is the difference in male and female attrition
rates from undergraduate life science degree programs, Currently,
dttritiun rates are considerably higher for females than for
males, even accounting for academic performance. Consequently,
the pool of potential scientists i1s losing proportionately more
academically-capeble youny women than young men. It has been
hypothesized that, since traditinnal ability measures sych as
qrade point averages and SAT scures do not predict attrition as
accurately for fenales as for nales, additional factors must
aftect science attrition among young women. This study used
attitudinal and socso-cultural variables as well as traditional
variables to predict attrition from biology majors during the
Undergraduate years. Specifically, measures of science attitudes
{including confidence, teacher attitudes, peer attitudes, and
parental attitudes), sCience anxiety, causal attributions for
success and failure in science, participation in extracurricular
stience activities, perceptions of future family/ career -
conflicts, and experience with science role models were assessed
in addition to tracditional predictive variables.

Students 1n four bilology courses representing all four
years of undergraduate work (freshman, sophomore, junior, and
senior) completed a battery of instruments. Students received
surveys during regular cluss hours throughout the semester and
were allowed to complete response sheets at home. Bonus points in
the biology courses were awarded fog.-each completed survey; a
return rate of 93% was obtained. The student sample was monitored
for one calendar year. Attrition from biology majors was recorded
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when ntudents ofticially taled d seyuest to change their major
with the university.

Latae were analyzed by use of ANOVA and discriminant and
multiple regression analyses. In Qeneral, male and fenale
students responded differently to some of the attitudinal and
sucio=cultural negsures as did students in the four college-year
gqroups {freshsan, cophomoure, junior, and senior). Turthernore,
these attitudinal and socto=cultural measures rmave significant
contrit-utions te the prediction of attrition amouny undergraduate
Liology majors.  Separate regressions for male and female students
Andicated “that aitferent factors may be important for retaining
youny wofuin and young nen an biology majors. Pinally, the
relative prportance of each of the measured variables 1n
predavting attrition was determined s¢ that the most important
factours could be targeted for fus.-o intervention programs.
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Sessign A-20

APPLYING KOLI THIOKRY ANU A CULIURAL I'ODEL TO UNDLRSTANDING
TLACHDR CHANGE. IH THE IMPLEUENTATION OF A NIW
SCILNCE CURRICULUN

liargaret S, CGrenli
Michigan State University
148 Hume Heights ~
Singajpoure 2159
Pepublic of Singaporse

ALBSTRACT

The study examined the extent %o which a new,
rnguiry =based, gquided-discovery science curriculum implied change
10 normative tole and roule relationships of teachers and ‘students
and the cxtent to which change in role behaviors was evident
during the year immediately foullowing implementation.
Concomstantly, the study was concerned with identifying parameters
in the research setting and in the implementation process that
contributed 1n a positive or neGgative way to accomplishing the
kinds of changes implicit in the new program.

A lung=term, case study approach was used involving
extensive observations ;in classrooms of five cooperating teachers.
Observations wore undertaken at predetermined {ntervals during the
year priot to as well as the year following implementation of the
new program. Observations were also carried out during the

- teacher tnservice program designed to orient teathers to the new
progyram and an analysis was made of pertinent gualities of the
curriculum materials. Focused interviews with key personnel in
the implementation process viz: adninistrators from the lNinistry
of Luucation,sinservice trainers, and curticulum writers provided
additional data. . :

The research findings indicated that, slthough c¢hange in
trole and role relationships was central to the faithful
tnplementation of the new program, there was little evidence of
change durinyg the year immediately following implementation. Lack
of chanr appeared to be linked with tre fact that dimensions of
role an ole relationships were largely unaccounted for in the
channeis of communication that existed for teachers to learn .about
the new roles expected of them. tlence, teachers had neither
vpportunities to observe and reflect upon, nor opportunities to
assuine and practice the kind of roles axiomatic to inqguiry
teaching prior to implementing the new curriculum in their
classroonms, ’

Lack of role change also appeared to be linked with teacher
perceived constraints which qoverned prevailing classroom
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practices. ‘ihese constraints encompassced dimensions of the
reacarch sotting viag the large class sizes, students' limited
command ot the tnglish lanquage, and the cxamination oriented
nature of the cducation system at school and national levels.
Althouyh these parameters ofqthe research setting did not relate
to the new science progyram per se, thiy remained unaltered by the
curriculum change ¢ffort and therefore continued to be a
predanianating anfluence on € way in which the teachers perceived

antd acted out their teuch4nyg roles.

-
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Sesstoun A-24

PRESSURES FOR RETOIY: A CASE STUDY OF THE
ANTLCEDENTS OF TH: CURRLNT "CRISIS®

P. James Caskell
Faculty of pducatioun
University of Dritish Columbia
2125 pNain Nall
Vancouver, British Columbia
CANADA V6T 125

Patricia Ii. Rowell
University of Dritish Columbia
Yancouver, British Columbia
CANADA Vo 125

ABSTRACT

A petspective of current efforts at curriculum reform in
stlence education 15 gained throuyh a socio-historical case study
of the events leading to the establishuant of a physics revision
committec in Lritish Coulumbia in 1978, As a result of this
committee, a PSSC bLased curriculum introduced in 1964 was replaced
by one which gave greater emphasis to the social context of
pPhysics. Data are drawn from public and private sources of
documents and from interviews with Key actors., The data have been
interpreted using, as a starting point, Goodson's model of
influence of school subject communities on the making of
curriculum. This model focuses on the way a comaunity acts to
protect and enhance its resources, territory and status.
Discountinuities wecte found between the types of concerns expressed
by teachers and the nature of the curriculum change authorized,

Teachers' concerns centered on achieving a course suitable
for a wider range of students but retaining a traditional academic
definition of school science. The introduction of a social
context qoal 1% thus seen as an anomaly o be explained, "The
ability of the science teachers' associaticy to influence
curriculum construction is constrained by its difficulties in
obtaining information, achieving formal representation on
committees and controlling agendas for discussion. Comparisons
are drawn with the process of curriculum revisidn that took place
tn the early 60's, Implications for current efforts at curriculum
reform are discussed.
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S e PARLNTAL INFLULNCL ON. 7HE MATH ACHIEVLHDAT OF GIFTLD
//// CAUCASIAN AND ASIAN CHILDLRLA

James R. Campbell
St. John's University
Crand Central apd Utopia Parkways
Janaica, HY 11439

S

AUSTRACT ‘

Why are there so few female scientists, engineers, and
mathena..lians 1n the United States? tiany researchers feel that
this gender qap 1s due to socialization. This study examined the
influence of parents on 339 gifted Asian and 354 gifted Caucasian
¢hildren, Do the Asians sociolize their daughters differently.
than do the Caurasians?

The results showed that the Asian parents did provide more
encouragement to their females to pursie interests in mathematics
than did the Caucvaslan parents. The gender gap was found to exist
only for the Caucastans. The author concluded that socialization
can be fruittully studied by examining students fe. distinctly
different cultures, . - —
;
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RELATING TLACHING BEHAVIOR AND CLASSROO! CLINATE
TO CHANGES Il STUDENTS? CONCLPTIONS OF TIL P
NATURL CF SCIENCL

Noffian G. Lederman
statce University of liew York at Albany
Department of Teacher Rducation
Albany, HY 12222

ABSTRACT

CAn adequate uncersstanding of the nature of science has
persisted as a learning objective for secondary school science
students. for over three decades, ITurthermore, this desired
vutcone 1s presently considered to be oune of the primary
attritutes of the scientitically literate individual,
Untortunately, little is known about how the science teacher may
promate adequate cunceptions of science in his/her students. The
purpose vf this study was to determine which classroom variables
afe related tu changes in students' conceptions of the nature of
scientific knowledge, '

Eighteen high school biology teachers/classrooms. were - —
compated with respect to students' conceptual changes on six
aspects (1.e., amoral, creative, tentative, testable,
parsimonious, unifled) ot the nature of gcience as measured by the
nature -of scientific knowledge scale (NSKS). In addition,
conparisons of overall student’changes were performed.

Thirty classroom variables significantly {(p < .05)
differentiated between the “"high®™ group of teachers/classrooms
{1.¢., those ¢xhibiting the largqest student change) and the "low"
group of teachers/classrooms {i.e., those exhibiting minimal
student change) on at least five aspects of the nature of science.
In general, teachers/classroorns in the "high" group were typified
by treguent inquity-oriented questioning, little cmphasis on rote
menoty, decreased seat work, and increised emphasis on depth,
breadth, and accuracy of subject matfter. In addition, teachers in
these classrooms were more pleasant, supportive, and had
established better rapport than those of the "low" group.

Finally, smplicit references to the nature of science were more
commonly tound 1n the "high" § .. ,

leven additional variables were found to differentiate
vetween "high" and "low® teacher/classrooms on less than three
subscales of the NSKS.” These classroom variables were considered
to be scale-specific and their analysis provided some provocative -
tesults,  Tor example, explicit teacher comments concerning the
unified nature of scientific knowledqe were siqnificantly (p «
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«85) more cofmon to the "low® qroup on the NSKS unified subscale,
Discussion of the arigtrary nature of specific constructs rin
science was sidgaificantly {p < E5) more common to the “low" group
on the testable subscale.  Extensive analysis of classroom
transcripts provided explanatory data for each of the scaje-
specific classroom variables that were identified.
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THE mnPHAS IS ON SCIENTITIC LITERACY IN
HIGH $CHOOL SCIENCI INSTRUCTIONM -

‘ Larry F. Guthrie ¢
rar Fest Laboratwry | for fducational Rescasrch and Development
1855 Folsom Street

1

| |

l 4 Sen Francisco, CA  941p3.
i ‘ .

i

Constance Levénthal
‘! Far Vept Laboratory|for Caucational Research and CDeveloprent
I 1855 Folsom Street

/ San Francisco, CA 94123

( , <

ABSTRACT

The purpose of -thls study was to investigate the ways in
which aspects of scirentific literacy were included in secondary
schuol science instruction for students at difterent levels and
with ditferent interests., The degree to which scientific literacy
was o foucus and the pegspective tecachers ¢n it as a goal were also
concerns.  This study |1s part of a two-ygar multi-site case study
tnvestigation ol the grganization and emphasis of science progranms
1n a sample of s1x higqh schools. The ovyerall approach of the
study has been qualitative 1n nature. Methods included both
observations and integviews, as well ag a questionnaire. A total
ot 59 classrtooms and wide range of cpurses were included.

hat, while ther¢ were exceptions, many

Findings showed :
uring the stud7 had only slight familiarity ¢

teachers interviewed
with the term sCienti
to the natinpal debat
goals, nost teachers
method in their cours€s, regardless
the students-enrolled, Quantitativ
instruction showed that, in general
time was devoted to aspects of scie ic literacy. Narrative
descriptions of classrgom instruction tevealed that these often
were peripheral to the \main topic of tHe lesson and were discussed
in asides or anecdotes.
scientific literacy an intergral part o

ic literacy, and had paid little attention
on the issue./ In a survey of instructional
mphasized sciepce facts and scientific

f the level or interests of
ssessment of time use during
very small percentage of

their instruction.
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AULATIONSHIP OF TLACHERS® USE og SCIENTIFIC LITERACY AND
| GENERAL TIACHIRG SKILLS TO STUDENTS' AWTITUDDS AND.
BE ACADLIIIC CROWTH IN LIFC SCIENEL

.
'

‘ Alexis L. liithan
Far, Yiest Latoratory for Lducational Research and Developrent
Vi 1855 Folsom Street ‘
San Franciscu, CA' 94103

‘! Juhn R. flergendoller "
I'ar west Laburatoury for Cducational Research and Development
: i , 1855 Folsom Street
: ¢+ San Francisco, CA. 94143
! o Bartin J. Packer. !
Far Yiest Laporatéry tor Lducational Rkesearch 'and Levelopment,
: : ; 1855 Folsom Street .

[

| . San Francisco, CA 941g3
' “‘
; ABSTRACT

4

i N %] ) 4
Vhat, 1f ‘any, combination of teacher effectiveness and
Y 'ne.

cscientific litkracvy skills relate to student growth on a range of

belence outcombs?  To apswer this, 7th-graders in 11 life science

~classes complo§od pre= gnd post-batteries of science meosures.

Ubsexvq:s visifed cach cdlass during the entire preseptation of two
fopics pnd made detailed narratives; in addition, they recorded
tcacher?' time Use and rated cach teacher on a number of generic
skills, ) Initial results show overall decline in students’
attitudds but growth on cagnitive measures, with considezable
variati ameng classes. This study will attempt to identify
variabley that relate to this differential growth by maans of
having s¢veral sdurces of quansitative and qualitative teacher
data. Furthermore, a compafison of the importance of “Scientific
literacy” versus %qeneric effectiveness"™ teacher behavidys is
possible,\and may thus contribute to ou  methodological Jnd
substative understanding of nesearch on tez :hing in specific

subject reglms. In dny case,| the result, of this study should

point to the kinds of areas where Con-entrated teacher education
efforts can contribute to the reviteiization of science
xns.:ructum\‘ ‘
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USING COMPUTER GRAPIICS AND ANINATION IN TESTING .

°

Michael E. llale
University of Georgia
bepartment of Science Education ~
Athens, CA 30692 ¢

Junmes R. LUkey ¥
University of Georgia
Depar tment of Science Cducation
‘ Athens, CA 38602

AESTRACT

The graphics and animation cvapabilities of computers offer
a4 new dimensiun in testing. Results from paper and pencil tests
may not reflect true ability because of reading comprehension or
visualization protilems. Computers can present simulated actions _
and events that are the focus of test guestions. The computer Q

.. epkmated questions should then be more like léarning situations . o
and the real lite situations to which learning is applied.
-

In this study middle schuol students completed either a
paper and peneal or computer presented test of problem solving
skills. Reading comprehension -and visualization ability scores -
were also obtained. Interviews were conducted to assess the
students’ ability tu comprehend test items. Analysis of the data
showed no ditference in test scores for the two Yyroups -- g
finding contrary tu that in other studies using picture-enhanced
privted tests. Visualization had no effect on the scores of
either test type. The interview data showed no difference in
student comprebension of the items, .

JL/

Relatively low reading ability may have been a major
.contributor to the lack of an experimental effect in this study.
Students had to read the interrogative postion of test questions
even though the problem situation was dynamically presented with
computer graphics and animation. ramiliar problem contexts nay
2ls0 have contributed to the no difference result. Students were
familiar with objects and events depicted in the iteas, The use
of commun expetiences may dilute the visual effect of the computer
graphics,
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Session L-1
THE DEVCLOPMENT OF A TLST OF BASIC PROCLSS -
SKILLS IN SCIENCL Z

Linda L. Cronin
" » Univelsity of Georgia
Department of Science nducation,
’ Athens, GA 39602 .

fleghan 1. Twiest
Bibb County Public Schools
Macon, wiH 31213

1
tichael J, Padtilia
University of Georgsa
Department of Science Faucation
Athens, GA 3¢602

ABSTRACT

¥y

The owbjective of this project was to develop a reliable
multiple choice tect of si1x basic scilence process skills | /
appropriate for students from grades three to eight (ayes 9 to
14). Most instruments now available focus on measuring all
science process skills and/ot were created for use with teachers.

In recent years Dillashaw and Okey created & valid and reliable
test of integrated science process skilis intenced for use with
students in middle and secondary schools. No such instrument is
available four neasuring the ba:ic science proucess skills, noueve:.

‘Therefore, this rosearch is an efforg to develop such an

instrtument.,

In light of thiv need, the investigators began to develop
the Test of Basic Process Skills in Science (BAPS). The following
criteria were outlined for the test: ’

/ 1. An emphasis on the six most widely used basic science
process skills, i.,e. observation, inference, predic-
tion, measurement, communication and classification;

[

2. A multiple choice, four option, format;
3. An emphasis on using pictures and drawings to clarify
and cnhance items; '

4. An average test zeadabxltty below the:fourth §rade
level;

ic Ji |
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S. Test lenqth that persits completton'within one class
period (45 minutes or less); ’

6. A wide range of difficulty of 1tems address:nq cach
process skill, and;

-7 Content free test items. .

Cbjectives for each of the six basic process skills were
written and retained. These objectives were reviewed by several.
experienced science educate  nd found o be valid
representations of ‘the int skills. Multiple choice items
werce written for ecach skill roblen content was chosen $0 as to
be appropriate for elesentary and middie grude students. All
items wore subjected to a readability analysis. An -~verage index
of 3.95 wds obtaincd. The resulting 26 item test was submitted to
a panel of four science educstors to determine content validity,
The results showed strong evidence of content validity. !“‘~\

One hundred and thirty-three 4th, 6th and 8th grade
studénts were administered the BAPS test. The purposes of this
test administration were to establish test reliability and to
compute 1tem difficulty and discrimination indices to aid in
further test revision. Scores ranged from 4 to 33 correct (X =
22.4, S.D., = 5,3). The overall reliability {KR=-20) of BAPS was
.78, ‘Item difficulties averaged .62. Point biserial correlations
{discrimination index) showed 38 of 36 items above .28, with an
average value of .34, All incorrect alternatives had point
biserial correlations in the Zero or neqative range.

The present version of BAPS was shown to be a reliable and
"content~valid test of six basic science process skills appropriate
for use with fourth through eighth graders. Test revision
continues; it is hoped that for the revised second version of the
test .all teost items will show impro:ed indices.
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Session B-1 , _—

DEVCLOPMENT AND VALIDATION OF LSSENTIAL COMPUTER LITERACY
COMPETENCIES FOK SCIENCE TEACHERS '

ie

James D. Ellis
, The Colurado College . -
/ . 1115 N. Cascade Avenue -, T
Colorado Springs, CO 84ou2 ' '

B

. Paul J. Kuerbts
‘The Colorado College
Colorado Springs, CO 89¢983

1 1
B S R

S

ABSTHACT, 3

0 i

. This study uses 23 five step process to establish and &
validate the essential computer literacy competencies for science -E
teacbers (K-12), That rigurous procedure will produce a concise 4
list of competencies that are not only representative of the broad o
field of computer literacy skills but which alsoc have been .
condensed to those competencizs that are essential for teachers. #§
The essential computer literacy competencies for science ﬁ§

teachers, develouped in this study, will be used to develop a test
-for measuring the computer literacy of science teachers, and to

develop & curriculum for training science teschers tc use the o
computer. The test and curriculum for tfaining science teachers :
will facilitate tfie successful implementation of educational L
computing, o
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Session H-2

-

THE ROLL OF TARGET STUDENTS IN THE_SCIE&CE CLASSROON

Kenneth Tobin, .
Vestern Australian Institute of Technology
Kent Streat, Dentley 6192 '
. Western Australia

Jares Gallagher
Hichigan State University
Fast Lansing, MI 48824,

" ABSTRACT

The study was conducted in qrades 8 to 12 in two Hestern.
Australian high schools. Teachere frequently taught to- the class
s a vhole and nvolved students through their answers to
questions. The whole class setting seesed to allow teachers to
Ranage ‘the pace and type of activities and the type of student
engayenent so that the planned work was complcted. As a
consequence, teachers taught in a whole class interactive mode for
& significant proportion of the time and tended to interact with
target students who could provide the required responaes to koy
questions or directions. Non-target students were not invalved to
8 noticeable extent in interactions designed to stimulate thinking
Or to provide a bridge to & new content area, '

. Two types of tarqet student were distinguished: the ,
student who actively participated in.classroom interactions in a
-s#1lf initiated manner; and the student who participated as a
consequence of lweing selected by the teacher. These two types of
target student corresponded to students with an internal locus of
control and to students with high formal reasoning ability
respectively. Compared to non-target students, target students
tended to perceive the learning environment in a more favorable
Rannet . There was also a tendency for target students to be male
rather than female in grades § to 19. This trend was not apparent
in grades 11 and 12,
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Session B=2

RELATIONSUIPS OF ATTITUDE TOWARD CLASSROOM ENVIRONMENT
WITH ATTITUDE TOVWARD AND ACHIEVEMENT IN SCIENCE

-5F
B
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e
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-

ANONG TCNTH GRADE BIOLOGY STUDENTS
E. Lynn Talton R
State Department of Education “
Office of Research ° ~
- . 1429 Senate Street SR
R

Columbia, SC 29291

[P W

Ronald D. Simpson -
Office of Instructional Development Lo
The University of GCecrgia . A
Athens, GA 39662

ADSTRACT

The classroom is the basic structural unit of our i
educational systes. This environment is where & large number of
interactions occur amony students, teachers, peers and curriculum,
These interactionssreate an environsent that affects both ‘
attitudes and achievement of students. The purpose of the study
was to cxamine. the relationship of classroom environment to . s
attitudes toward science and achicvement in nciencc asong tenth ~ e
qrade biology students. Pt

Data were obtained frowm tenth qradc studentn in four senioar i
high schools. There were 1560 students enrolled in 78 biology .
classes. Instruments were administered at three timés during the X
school year to seasure student attitudes toward science and the g
‘clacsroom environmént. The ClassSIOOm environment measures - oy
cxamined six arcas: emotional climate of the science classtoom, b
science curriculum, physical environment of the science classroonm,
science teacher, other students in the science classroom, and
friends sttitudes toward science., Student achievement in -cxcnce

RS

was seasured by teacher :éported semester grades. 1%
The major findingl of the ntudy were as followss . ',%

1. Student attitupes toward the ClassIOOR environsent 3
predicted between 56 to 618 of the variance in: K

attitudcs towdrd science. ﬁg

. , . 3

2. Student attitudes toward the classroom environament )
predicted betyeen 5 to 14% of the variance in . ks
achievoment in science, . Tk

# a;
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Student atticudes toward sciende and attitudes toward R
the classruom environment predicted between 8 and 18% ;!
of the achievement in science. :
There was a weak positjve relationship betweey
attitudes toward science and achievement in science.

n by

L
Sl

)
3
.,.“

[ L S il




Session B2

L4
L}

USING- SHORT FORMS OF SCVLERAL CLASSROOM CLIMATE
INSTRUMENTS TO ASSESS AND IMPROVE CLASSROOM
PSYCHOSOCIAL CNVIRONIIENT

. Darrell L. Fisher
Tasmanian College of Advanced Education
W.A.Y.T. : ,
Bentley, Vestern Australia 61290 2

Barry J. Frasefs
Faculty of Cducation
W.A.I.T.
fientley, tiestern Australia 6102

ABSTRACT

Despite international interest in research in the area of
classroom environment, very little attention has been given to
exploring how science educators might apply ideas from the field
of classroom environment in facilitating practical improvement: in
science classrooms. Techniques are proposed for improving school
classroom environments by using student perceptions as a basis
for reflection upon, discussion of, and systematic attempts-to
improve classrooms. The basic logic involves, first, using
assessments of .tudent perceptions of both their actual and
preferred classtoom environment to identify discrepancies between
the actual environment and that preferred by students and, second,
implementing strategies aimed at reducing existing discrepancies.

Practical constraints inhibiting science teachers' use of
classroom environment :sdessments in quiding improvements in
classrooms include the lack of easy access to instruments and the
lack of ecounomy of existing instruments in terms of testing and
scoring time. Conseguently, in order to facilitate teachers' use
of classroom climote assessments, we developed economical short
forms of the Classiooum Environment Scale (CES), Individualized
Classroom Envi.onment Questionnaire (ICEQ)Y, and My Class Inventory
(MCI) whicl, contain only apptoximately 25 items each and which are
amendable to easy hand sccring. When each instrument was
agministerec to samples of at least 100 science classes, results
supported each scale's internal consistency reliability,
discriminant validity, and ability to differentiate between the
perceptions of students in different classrooms.

The methods for improving classroums are illustrated by
reporting three small-scale studies, one for each of the three .
instruments. For example, actual and preferred forms of the CES
were used by a teacher in an attempt to improve the environment of

.
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his ninth grade science class consisting of 22 boys and qgirls of
mixed abrlity. The steps followed were: (1) assessment (the
actual and preterrea forms were-administered), (2) feedback {the
teacher considered profiles of mean class scores and ldentified
actual-preferred discrepancies), {(3) reflection and discussion
{leading to¢ a decision that the teacher would attenpt to increase
Teacner Support and Order and Organization), {4} intervention
(aimed at ancreasing these two aspects), and (S) reassessment
{readministration of classioom environment instruments in order to
detect any changes in environment). An examination of CES mean
score profiles tor the teacher attempting improvements indicated
that somne clear changes 1n classrovom environment had occurced
during the two months when the iptervention was being tried, It
was found that sigrificant 1mprovements vccurred for the two
dimensions, and only the two dimensions, on wnich change was
attempted {1.e., Teacher Support, Order and Organization).
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Session B-3

INTERRLULATING GENERAL SCIENCE CONTENT: A FOCUS
FOR THE MIDDLL SCHOOL

Linda Hamrick
The Canterbury School
5601 Covington Road
Fort Vayne, IN 46804

ABSTRACT

The i1ntent of this study was to determine whether students
expericncing resequenced and overtly interrelated general science
content with respect to clarifying content structurg would exhibit
higher science achievement, more positive attitude ‘toward science,
and greater interesc in science when compared to a control qroup
of students experiencing the same content not reseguenced.
Conclusions found in the literature of science education may be
interpreted to provide evidence that greater understanding and
retention of material is associated with bodies of knowledge whose
contents of subject matter are interrelated for learpers, Data
were collected from 203 sixth grade science students-after one
year by way of a standardized achievement test, and two
Likert-type instruments which measured the two affective
variables. sStatistical procedures included the t-test for
examining differences between the experimental and control groups.
The results indicatedg that students experiencing reseguenced
general science content were significantiy more positive in terms
¢f science achievement, attitudes toward science and interest in
science. The conclusion was formulated that establishing content
structure through reseguencing chapters for general science
learrers has positive effects on both cognitive and affective
aspects of learner pertormance. Implications for relating content
structure to science classrooms, and curriculum and textbook
revision have been discussed, -
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Session H-=3

CONPREHENSIVE ANALYEIS OF THE TEACHING AND LEARNING
OF SCIENCL TOPICS: A RESCARCH PROGRAM T'OR SCIENCE CDUCATION

Fdward L. Saith

o Michigan State University
330 Erickson Hall

Fast Lansing, NI 48824

v ABSTRACT

An cmerqging research RIegram is descrited which focuses on
the teaching and learning of specific science topics by
coordindted analysis of curriculum materials, tecachers' planning
and intentions, actual classroom instruction, and changes in
student knowledge. The program draws on recent advances in
cognitive science, philosophy of :science, and
ethnographic~suciological studies of classrooms for both
theoretical perspectives and methodology.

Studies have shown that a majority of students often fail
to understanc science topics that they study and have elucidated
important factors contributing to this fajlure. 1In particular,
students often bring with thes naive conceptions of science topics
they study. Such naive conceptions lead them to interpret
instruction in ways that are not anticipated by teachers or make
it difficult for thom ﬁb comprehend at all.

Several studies have reported very substantial gains in the
proportion of students coming to understand the topics taught when
instruction was based on information about likely student naive
conceptions and strategies designed to challenge them while
promoting scientific alternatives. Comparisons of more and less .
successful instruction have led to the identification of features
of 1nstruction which promote conceptual change and student
understanding.

Our interpretations of these studies is that the
substantial improvements in student learning could be attributed '
primarily to teachers coming to view learning as involving a :
change from naive to scientific conceptions and theig acquisition
of topic-specific information about content, student naive
conceptions and tecaching strategies for attacking them.

This interpretation of these important studies implies that
teacher education could contribute to substantial improvement in
student learning by helping teachers develop conceptual change
views of learning and acyquire and learn to use essential
topic-specific knowledge., Curriculum developers coyld contribute
by designing materials that help teachere develop conceptual
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vhange views of lesrning and provide topic-specific information ir
aseful forms. All of this implies a need for research to build
the necessary knowledge base and®evaluate the various cfforts.

The bottom line should be demonstrated improvement in student
learning, that is, in the proportion of students demonstrating
understanding of the sciance to@ics they study.
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Session B-3

SCIENCE AND MATH RESLARCH PROGRAMS
IN EXCHPLARY SCHOOLS

James R, Campbell
St. John's University
Grano Central & Utopia Parkways
s Jamaica, HY 11439

Char lene Connolly\ . »
Mercer County Community Colleqe
P. 0. Box B
Trenton, NJ (8690

ALSTRACT

llany of the programs of exemplary schools have student
research programs in math or science. This study utilized
objective criteria (Vestinghouse and other national awards) to
1solate the most important components of student research prograns
in a number of exemplary schools.

Data were collected from 137 schools, including a large
number of exemplary schools in the New York metropolitan region.

L]
The results of the study showed that exemplary schools have
deve loped specialized programs to foster excellence in student ‘ .
research. The key variables in these programs involve making,
contact with universities, isclating ;gsponSibility in a single
qualified teacher, and establishing contact with a technical
liprary. ’

The programs were found to be cost-effective and well
within the resources of most comprehensive high schools.

N
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AN THTLRNATIONAL CONSCKTIUM FOR CONCLEPT LEARNING
ESEARCH 'IN FOUR COUNTRIES (U.S.A., TRINIDAD
AND  TOLACO, COSTA RICA, AND NEXICO)

Arthur L. Uhite
The Ohico State University
252 Arps itall
1945 North High Street
Columbus, O 4321¢

Roland Berty
University of Costa Rica
San Jose, Costa Rica, C.A.

ponna I. Berlin
The Ohio state University
- -Newark, Oy

o

Pamela F. Abder
University of West Indies

Trinidad & Tobago, West Indies

,Nadira Rahaman
ACJS -~ Ssan Fernando N
Trinidad & Tobago, West Ingies

Pilar vela
American School -~ Primary
Puebla, Mexico

ABSTRACT

Resea:ck in education is very much influenced by the
specific samples and conditions of the research. It brcomes
extremely 1mportant to have replication of research in order to
identify those findings which have stability and consequently the
generalizability needed to build a knowledge base. In order to
establish a broad base it is valuatle, and perhaps necessary, to
have cooperative efforts in a variety of settings ' to test the
hypotheses and the practical application of the theories.

The first level of cooperation at the university was
between the main campus faculty and the branch campus faculty.
This provided a broader base for sampling and a valuable
perspective for the needs and adjustments for experimental
procedures.
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In addition, cooperative efforts in the form of an
intetnatiunald consortium have been develuped. The needs,
resources, and cultural ditferences of the institutions and their
representatives from Costa Rica, Trinidad and Tobago, and Mexico
ptovxde oppurtunxtxes for:

A. replxcation to eatablxsh new generalizations or
reaffirm previons ones, R

. expansion of the generolizations to a broader
populatxon,

(9}

identification of the differences in populatxons
and the relevance of the generalizations,

»

D. extension of t(he generalization to other modes, and

L. clarification of h¢ concept of transition as a
part of cognitive develooment. .

This symposium will provide the opportunity for an
international perspective on the role of research in the ¢
inprovement of science education in parfticular and education in
general, The representatives of each of the countries (Costa
Rica, Trinidad and Tobaqo, Mexico and the United States) will
discuss the following factors: 5

Hhe Coals ond directions for science education
research in the crintry:

B. Needs and resources for effective science
education research in the country;

C. Role of a scienee education research consortium .
in the 1mprovement of the resesrch program in
the country. {
The current topic of research is the use of technology to
facilitate the transition of young children from concrete .
understanding of concepts to abstract thought.
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WHAT RESLARCHERS SHOULD KNOVW ABOUT
TEACHERS® PRACTICAL KNOWLEDGE :

Glen S. Aikenhead
University of Saskatchewan
Saskatoon, Saskatchewan, CANADA S7N OO

- ABSTRACT

“When teachers make decisions on what to teach and how, to
teach 1t, they draw upon their past experiences, current
expectations and personal values. They do this explicitly or
implincitly within their own practical "paradigms."”

In order for research to influence the improvement of
instruction, classroom teachers must headr and value the
researcher's messaqe! Being neard and valued by teachers depends
upon the researcher's ability to communicate, or even collaborate,
within the teachers' practical paradigms. A better understanding
of these practical knowledge paradigms could help ressarchers in
(1) formulating resedrch problems, and/or (2) effectively
communicating research findings to teachers.

The symposium will not offer polemics, but rather will
share findings from empirical studies. Three presentations
provide a description of two different perspectives on teachers'
practical knowledgw:: functional paradigms and narrative unities.
The first paper develnps the notion of functional paradigm and '
illustrates 1t with data from four different studies in elementary
and secondary schools. The second paper reports on an
investigation that explored the functional paradigms of high
school chemistry teachers. The third paper illuminates an
alternative view, narrative unities, and shows how this notion
serves to understand the events that occur in elementary school
classrooms. The ptesenters, university researchers and a
classroom tearher, will discuss these findings in terms of what
researchers should know about teachers' practical knowledge.
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Sestion u-7

THE 1" CT OF COMPUTLR-BASED EDUCATION
ON STUDENT ACHILVCHCNT -

Michael L. Waugh
Georgia Southern College
Statesboro, GA 30460

.Russell H, Yeany Jr,
University of Georgia
Department of Science Education
Athens, GA 30602

James R. Okey ' ‘
University of Georgia ‘ :
Department of Science tducation
Athens, GA 38602 N

ABSTRACT

The purpose of this symposium is to summarize what is
currently known about how Computer-Based Education {CBE}
influences student achievement, to outline projected directions
for future CBE research, and to describe selected research design
and data analysis techniques suitable fgr answering questions
related to the effects of CBE on: student achievement. Simply
defined, CBL is the use of computers to enhanoe learning. With
the introduction of the microcomputer, & variety of educational
applications for computers has been examined. !any of these
applications have been found to directly influence student
achievement., However, other applicatxons have demonstrated little -
or no influence on student ¢chievement. ; )

. Which educational applé:ations of cosputers have been found
to influence achievement? Which additional applications of
microcomputers might influence achievement? low can questions
like these be effectively researched in the schools? Answers to
these questions would directly influence how schecols choose to
employ microcomputers in their curricula. Illowever, lacking this ¢
knowledge, schools will be unable to implement those CBE
applications which would be most beneficial to increasing ltudent
. achisvement.
8 - .
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ACTUAL AND PRCFLRKED CLASSROO! LEARNING ENVIROMMENT
AS PCRCLIVID BY I1IGH SCHOOL SCICNCE STUDCNTS

Avi llofstein .
Department of Science Teaching y
The Weizman Institute of Science
- Rehovot, ISRAEL -

Reuven Lazarowitz
Department of Dducation in Technology and Science
11T Technion, Haifa 32400
[SRACL

“ ABSTRACT

?
"

Studies in different countries have shown that students tand
to prefer a morc positive learning environment than actually -
exists in their classrooms. The goals of this study were to
replicate these findings, in high school chemistry and biology
classrooms, and to compare students' perceptions of the actual and’
preferred learning environment. Diology and chemistry subject
matter were selected since, while these topics are interrelated
regarding their content, they differ in the method of instruction N\
used in high schools in Israel. The actual and preferred versions
of the Learning Enviroament Inventory (LEI) was administered to-
11th grade bivlogy (N=40Q), and chemistry (H»1@880) students. Thus
a total of 1480 high schooul students participated in this study.
Data were collected by a paper and pencil questionnaire, using a
Likert type scale. Students' mean scores were tested by a
multivariate analysis method. The results yielded significant
differences between biology and ‘chemistry students' perceptions of
their actual and preferred learning environment of their
classroom. These differences are explained and discussed on the
basis of the different instructional methods used by chemistry and
biolugy teachers in their classrooms. The findings of this study
can serve future science curriculum developers as well as science
teachers 1n their classrooms.
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AN INPLCMENTATION STUDY: AN ANALYSIS OF FLENENTARY STUDENT AND

TEACHCR ATTITUDES TOWARD SCICNCL IN PROCESS-APPROACH VS.
TRADITIONAL SCICNCE CLASSLS

William C. Kyle, Jr.

The University of Texas at Arlington
Center for Professional Teacher Education
Box 19227
Arlipgton, TX 76019

Ronald J. Bonnstetter
Science LCducation Ceénter
University of Nebraska
Lincoln, NE 68588

fetty Ann Fults
Division of Flanning, Development and Evaluation
Richardson Independent School District
Richardson, TX 75081

ABSTRACT

During the 1082-83 academic year the Richardson Independent
School District (RISD) conducted asudits to assess the status of

. sciencCe education in the district. Such audits were in

anticipation of Texas House Bill 246 (TAC Chapter 75} which

requires an inquiry-oriented, precess-approach to the teaching of,

science. In general, it was found thai the process-approach was

not in wide usage by teachers in RISD. 1In response to those datsa,

RISD established the Elementary Science Pilot Project and adopted
the Science Curriculum Improvement Study (SCIIS) as part of the
new K-6 Science Through Discovery curriculum.

The overall goal of the Clementary Science Pilot Project is
to implement a science curriculum that emphasizes inguiry-
oriented, process-approach science, Concoumitant goals are to
broaden teacher knowledye s$0 that curriculum development efforts
will be relevant and to enhance teacher attitudes toward science.

One of the majaor objectives for 1983-84 was to evaluate the
effectiveness of the first year of a three year implementation
plan. The present study assesses and analyzes the attitudes
toward science of the tecachers and students in SCIIS classes
compared to teachers and students in non~SCIIS classes. The
student attitudinal data are alsn compared to national norms.
Significant attitudinal differences were noted between SCIIS and.
non=5CI1S students, while their teachers possessed similar
attitudes. Such data would appear to sugqest that the nature of
process=~approach science allows SCIIS teachers to portray a much
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pore posidtive and oxciting image of science and scientists. - 4‘{
Additional aspects of the total implesentation plan will also be
discusscd., : B
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A STUDY OF THL TMPLEMENTATION OF THE NATIONAL
* BIOLOGY PROGRAM IN THAILAND
Robert K. James .
Texas A & ! University
bepartment of EDCI
Collegye Station, TX 77042-4232

Pranee Sungkatawat
Bangkok, Thailand

ABSTRACT ‘
R . /

The IPST Biology progrdm was developed aqﬁfimplemented
initially in Thailand in 1976, and is the national curriculum
which all bioclogy teachers are to use. This study examined the
Nature and extent of implementation of the program at the 1l@th
grade level in Bangkok. The assessment strategies were developed
a5 part of the Concerns Based Adoption HModel by the.P & D Center

- for Teacher LCducation at the University of Texas At Austin. These
included the Stages of Concerns (50C), the Levels of Use (LolU) and
the Innovation Confiquration {IC). The instruments were

- translated and reliabilities {.90 or higher) established on a
test-retest analyses.

The SoC showed that teachers had intense informational and
personal concerns and unusually high refocusing concesns. The LoU
results showed that 17% were not using the program and 48% were
making changes in it, An estimated §0% expressed concern that
IPST Bioluyy needed more *content® in order to prepare students
for university entrance examinations. The SoC and LoU data
suggest that teachers wece anxiouc about the content of the
program and want to move it away from the more global (science
literacy) qoals toward the academic qoals.

It appears that CBAM is a useful tool for understanding
implementation of programs in non-USA situations. Developers and
facilitators of curriculum should consider the change literature
in their work and the teacher variable should be considered in
curriculum design.
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THE PORTRAYAL OF LDUCATIONAL DIVERSITY WITHIN A LARGE-SCALE
STUDY OF SCIENCE CURRICULUM MANDATLS, TRANSLATIONS,
AND OUTCOMES

F. ltichael Connelly
Ontario Institute for Studies in Edurnation
252 Bloor Strcet VJest
Toronto, CANADA HS5S 1Vé

. Robert K, Crocker
. Hemorial univeraity of Newfoundland
St. John's Newfoundland, CANADA AlB 3X8

Heidi Kass
The University of Alberta
Cdmonton, Albertd
CANADA T6G 2G5

borothy llacKkeracher
OUntario Institute for Studies in Education
252 Bloor Street West
Toronto, CANADA M5S 1vo

ABSTRACT

The purpose of this paper set is twofold: 1) to report the
results of work carried out within the context of & large~scale
study of reclationships among science curriculum mandates,
translations, and outcomes, and 2) to stimulate interest in the
examination and possible reconceptualization of current models of
the effects of schooling on student learning.

The proposed format consists of four closely related papers
presented by people working on the project. The first paper
presents an overview of the conceptual structure of the project
and makes problematic issues involved in conceptualizing the stud:
of curriculum translations and outcomes in a more holistic or
context-embedded way.than is often suggested by linear
input=-output models. The second paper addresses the study of
curricular diversity. An approach to the icant fication,
analysis, and protrayal of curriculum diversivy /s described and
the results of its application to sets of twelve different
mandated curricula within each of elementary science, middle
school science, and senidr high science are presented. The chird
paper makes proolematic the process by which the intended or
mandated curriculum is transformed by teachers. Teachers are
viewed as interpreting curriculum materials in an interactive
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mannegr within certain tounds cstablished by what is referred to as
teacher funpctiunal paradigms,

The fourth papar describes influences of the curricilar
contexts, the personal context, the instructional context as
created by the teacher, and the school environment as perceived by
the student, on student achievment patterns. Results are based on

a8 national sample of over 22,000 students at the elementary,
juniar high, and senior high levels.
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AN INVUSTIGATION O SLVLRAL VARIABLLE INVOLVED Iﬁ
CHEMISTRY PROBLE!] SOLVING

Thomas o. Greenbowe
Suutheastern flassachdSetts University
Departmwent of Chemistry
N. Dartmouth, A @2747

J. budley Herron
Purdue University
Department of Chemistry
Viest Lafayette, IN 47907

. ACSTRACT

-

fuccess in solving science and mathematics problems evidently
depends upon ‘variables such . as content knowledge, level of '
intellevtual developrent, the use of heuristics, the ability to
cunstruct an appropriate problem representation and the number of
errors committed that remain uncorrected. This study was an
effort to learn more asbout the effect of these and other variables-
on success in solving chemistry problems.

The subyjects in this study were thirty college chemistry '
students and one college chemistry professor, The subjects were
roguired to demonstrate proficiency in basic algebra, chemistry,
and cognitive skills as a2 prereguisite for solving the target
chemistry problems. The subjects individually solved chemical.-
stoichiometry problems using the think-aloud technique. Each
+¢5s510n was audilo-recordeas for subseguent analysis of problem
solving techniyues aﬂd chemistry content.

Buth written work and transcripts made from verbal reports "~
served as the data base. Analysis of the data was facilitated by o
use Of & coding form. A coding form was used by the judges
«nalyzing the written work and transcripts.of each subject. A
high degree of inter and intrs8 judqe reliability on the use of the
coding form was demonstrated. Factor analysis, all possible
regressions, and the T-test were three statistical technigues
employed 1n the quantitative approach to data anlaysis.

Results of the statistical analyses indicate that the -
following variables are important for successful chemistry problem
solving: correspondence in problem representation, coherence in
problem representation, connectedness in problem representation,
organization of written work, effective use of heuristics, 3
persistence, and ability to correct errors that are commxtted
during the problem solving process.
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lesules of the descriptive analysis 'indicate that successful
probles solvers were able to construct and use appropriate
representatjons.  Uneuccessful problem solvers did not vonstruct
,@n appropriate probles representation. Unsuccessful problem

solvers focused on inappropriate balanced equations and relied
heavily «n the use of algorithms.
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THE LFFECT OF TASK CONTENT UPON PLRPORTIOLAL NILASONING
Joseph Jesunathadas
Utah State University
Department ©f Secondary Education
Logan, UT¢ 84332

Walter L. Saunders
Utah State University
Lepartment of Secondary Iducation
Loegan, UT 84332

5 ABSTRACT o

-

A long standing issue in cognitive psychology is the question
of content effects upon problem solving skills, i.e., do student's
probles soulving abilities generalize across specific subject
matter domains? Although Plaget argued that formal reasoning
strateqgies are 1ndependent of content, the well Kknown decolaqes of
‘Piaget can be interpreted as evidence that student's reasoning
skills or problem solving performance is influcnced by .the subject
matter content of the problem. Some researchers have suggested

~ that one's familiarity {(prior knowledge) with the subject matter
domain influences one's level of problem solving performance.

C Thas Investigation reports the findings of a study of ninth
grade student's propurtional reasoning ability with familiar
{(naturalistic) and unfamiliar (high school science subject matter)
content. Propurtional reasening is defined concCeptually. A test
is administered to about 100 ninth grade students and the results
are interpreted in terns of the issue of content effccts upon
reasoning and problem solving., o

Sugqgestions for further research are described.
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THE EFCECTS OF THD ABILITY TO ENCODE AND COMBDINE
PROPOSITIONS ON THE DEVLCLOPMENT OF
REPRESENTATIONS FOR PROBLEM SOLVING
Il GENETICS

Sandra Judith Costello
Rutgers The Craduate School of Dducation
Department of Science Education
1¢ Sewinpary Place
New Brunswick, NJ 08903

Ceorge Pallrand
Rutgers The Graduate School of Education
Department of Science Education
1¢g Seminary Place
New Brunswick, NJ 08983

ABSTRACT

W

The purpose of this pilot study was to propose and test a
model for the development of representations in genetics problen
solving and to determine the effect of the ability to encade and «
combine propositions on the developrent of rep:esentation?dfor a
multihybrid cross problem. The model consists of differedt
representation systems and interrelationships among these systems.

The tests used in this study were the multiple cross problen,
the Propositional Llogical Test (PLT), and the Pieces task. The
PLT mecasures the ability to encode propositions while the Pieces
task measures both encoding and combining propositions.

This sample was obtained from.a two-year college in New York:
the students were enrolled in the second semester of a qeneral
biclogy course. TFor this sample, the multihybrid cross problenm
and the encoding and combining tasks proved to be very difficult,
liost subjects usced gsome form of verifying strategy to work the PLT
and the Pieces tasks. The model provided an appropriate framework
in which responses to the multihybrid cross problem and the tasks .

could be studied.
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THL RELATIVL LFFECTIVELESS OF NICROTEACHING AND FIELﬁ;
UXPERIENCL ON PRESERVICE TLDACHERS

[y

liark R, Halone
Louisiasna State University
Department of Curriculum and Instruction
N 223C Peabody liall
Baton Rouge, LA 70803

# Darbara Strawitz
Llouisiana State University
Department of Curriculuw and Instructcion
223G Peabody llall
Baton Rouge, LA 70803

AUSTRACT

This paper presents the results of a study designed to

determine whether preservice elementary teachers with a great deal:

of previous early field experience but no previous microteaching
expericence would berefit more from an additional science field
experience in the local school systems or from an alternative
science microteaching experience. Previous studies have shown how
both practicges independently are beneficial to proservice teachers
but little previous work has been done to. determine whether these
two methods interact or complement each other when combined in a
teacher training progras. Subjects for the investigation were
enrolled in two sections of an elementary sc.ence methods course.
Subjects werpe randomly assigned to an experimental ({microteaching)
group and @ control (field experience}) group. ,

At the end of the treatment, which lasted a full semester,
students were cvaluated on four outcome measurcs seleccted hecause
of common use in previous investigations in these fields. These
included teaching behaviors rated from video tapes made of all
students teaching a lesson at the end of the semester. Lessons
were rated on an instrument developed for this investigation,
Other instruments included one to measure sciencé process skills,
attitudes toward science and science teaching, and a measure of
student concerns about teaching science.

filcan differences on these research instrumeénts were analyzed

by means of t-test procedures. Results showed that the

microteaching group scored significantly better than the field
experience qroup on three of the five instruments used tO measure
outcomes of the study. They scored siqgnificantly better on
measures of science teaching skills, attitudes toward scdence, and
scilence process skills. There were no significant differences

in2
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between Groups on measures of attitudes toward teaching science or
un concerns abouut teaching sclence.

The study concludes that inteqrating science microteaching
with fiela coxperience in underqraduate methods courses is superior
to field experience alone in developing science tcacher sKills,
attitudes toward science, and sciente process skills than. The
lack of significant differeonces between groups ~on the measures of
attitudes touward teaching $C1ence and science teacher conceins
1ndicates that these attitudes and concerns are at least not
neqatively affected when field experience 1s somewhat decreased In
order to nplement a microteaching program.

The study also suggests a need for further ctudy of feedback
systems 10 both practice teaching methods. The need to determine °
an efficient talance between the amount of fielu expericnce and
microteathing utilized in undergraduate programs is also
discussed.,

»
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THL EFTECTS OF TVWO MITIIODS OF INSTRUCTION ON THE ACQUISITION
AND KETENTION OF SCIENCE PROCLSS SKILLS BY :
" PRESERVICE TEACHERS

Barbara Il. Strawitz
Louisiana State University
Department of Curgiculum and Instruction:
Baton Rouge; LA 70803

Nark K. Nalone
Louisiana Stte University o
Department of Curriculum and Instructiom
Baton Rouge, LA 70883

ABSTRACT

f

This study compared the effects of two methods of instruction
designed to teach preservice elementary. teachers to acquire and

retdin integrated science process skills.,

The subjects were 32 students who were randomly assigned to
two sectiuns of an underqraduate science methods course at a laige
sGuleern university during the 1984 spring semester. Students in
both sections participated in scfence. activities taught by the
instcuctors and in lessons presented by peers stressing integrated
process skills. Students were asked to stress proces~ skills as
they taught small groups of elementary childred dur:- the field
experience component of the course. In one gsection, .istruction
in the integrated process skills was provided by the teacher,
while, fn the other section, instruction was provided by written
self-paced self-instruction materials.

A two-group, posttest-delayed-posttest design was used.
Subjects vere administered process skill measures at the end of
the course and approximately five months later. Results of the#2

"7 {treatment) X 2 (time) factorial ANOVA with repeated measures on
the time factor indicated a significant main effect for treatment
but not for time. There was no significant treatment X time
interaction. Pre-planned comparisons revealed that at the end of
the semester and five months later, students using the self-paced
instructional materials significantly cutperformed students taught
process skills by an instructor (p < ,002, p < ,014).

Q

The findings indicate that science process skill acquisition
can be enhanced by supplementing teacher instruction in process
skills with self-paced, self-instructional materials. It appears
that focusing attention on process skills and providing

a opportunities for prospective teachers to plan and execute lessons
stressing process skills does not insure that they will learn
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thosé¢ skills. lowever, students who learn the skills seem to
fetain them over a long period of time.

-
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AN EVALUATION OF THL EFTECTS OF Al ENVIROMIENTAL INVESTIGATION
COURSL ON TEACHER SCIENTIFIC KNONI$DGL AND ’
SELP-CO“CEPT '

o ad ¥

Roger V. Hamm
North Clayton Senior iligh School
1625 Norman Drive ‘ :
College Park, GA 39349 o : !

ABSTRACT

N

An evaliation was conducted to provide the data reqguired to
fake judgements concerning the nerits, worths, and shortcominygs of
the Environmgntal Investigations program. The Fnvironmental
Investigations proqram curriculum had been developed to train
science teachers. The curriculum was divided into a Camping Phase
and & Fivldtrip Phase.

\
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An ancillary problem investigated by «this study was to
validate a model illustrating proposed rélationships between
scientific Knowledge, self-concept, and attitudes toward science.

A formative evaluation was conducted during the planning and
implementation phasc of the Environuental Investiqations proyram.
This formative evaluation considered antecedent, transactiun, and
outcome variables. A summative evaluation was conducted upon
completion of the program. .

Data were collected in & pre-posttest design. The formal
instruments used in this study were: Environmental Sciencc Test,
Tennessee Self-Concept Scale, Attitude Toward Science Scale, and
Attitude Toward Teaching Science Scale. The informal instruments
used in this study included: Personal Information Form, student
journals, and final exam items. AdditionAl data were collected
using a post-course mail survey.

The results of the analysis of the data indicated that the
Lnviropmental Investigations curriculum was worthy of adoption.
This judgement was made base¢d on results which included: increase
in scientific knowledge, increase in self-concept, and increased
attitudes toward science. Alsu, the mail survey indicated that
the activities and materials in the Environmental Investigations
program were appropriate for use in the classroom. The results :
indicated that scientific knowledge and self-concept are related
to science attitudes. The correlation between self-concept and
science attitudes were statistically significant. The posttest
data indicated that this correlation was st:engthened by the
Environmental Investiqations program.
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This ztudy developed a useful moael for the cvaluation of
educational programe., This model goues not limit judgements
concerning program woith solely to increases in student knowledge,
It also considers efficiency, effectiveness, an appropriateness
factors in judging program worth., The results of this study alsg
Support the proposed model for the relationships between
scivntific knowledge, self-concept, and science attd tudes.
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! '  ACADEMIC TASKS IN S)COHD&RY JCILNLL CLASSROONMS

Halter Doyle ‘
The University of Texas at Austin
R&D Center’for Teacher nducation .
Education Annex 2.244
Austin, TX 78712

Julie 'P. Sandford ‘ N
The Univesrsity of Texas at Austin.
R & D Center for Teacher Cducation
Tducation Annex 2.244
Austin, TX 78712

Bar, A. Schmidt French !
The University of Texas at Austin
R & D Center for Teacher TCducation
Lducation Annex 2.244
Austin, TX 78712

ABSTRACT ~

_This paper set contains a report of research that utilized an
©academic task framework to examine learning experiences in
secondary science classes. Each paper presénts findings. and
perspectives based on une or pore science classes included in the
Managing Academic Tasks (IAT) Study, a study fuacusing on the
intellectual uemands of academic work and the ﬁkxs that work is
carried out in secondary classrooms.

The first paper, ®"Task Systems, Content, and Meaning in
Secondary Classrooms," presents an overview af then§heory,
methods, and findings of the (AT study. The academ € task systems

. observed in two junior high science classes are contrasted, and
several themes emerging from analyses of the junior high case
studies are discussed. In "Studying Genetics: A Case Study of
“Tasks and Cdntent in iligh School Biology,* the author provides
further illustration of how the academic task model can provide
new perspectives on student. learning opportunities and teaching in
science classes. Finally, "Academic Tasks and Reﬁearch in Science
Teaching® conxiders the utility of the academic “ti'sk model for
addressing some specific themes and enduring problems of reseatrch
in scxence education, -
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A PROFILE OF TIE HEEDS AND CONCERNS OF LNGLISH SPEAKING
PUBLIC SCCONDARY SCIENCE TERACHEKS I'ROI: FIVE GLOGRAPIIC
REGIONS OF THR. REPUBLIC OF LIBANCH

Kamil Assaad Jbeily

The Unaversity of Texas at Austin

Science LCdugation Center, EDB 34¢ g
Austin, TX 78712

3
. James P. Darufaldi »
The University of Texas at Austin
- Sgiennce Cducation Center, EDL 349
: Austin, TX 78712

ABSTRACT ' : /

The purpose of this study was to identify the needs and ,// .
concerns of English speaking public secondary school physics, o
chemistry and biolugy teachers in the five geographic reaions of o
the Republic of Lebanon. Such needs and concerns oMght to
constitute the essential and legitjsate background on which
designers of in-service programs should build different activities
that oim at renewing and updating the skills and knowleldge of
Lebanese science teachers. It is anticipated that this would
eventually lead to the improvement of science teaching in the
Republic of Lebanon. '

A set of three questionnaires was used to conduct the study:
& demographic questionnaire, a modified version of the lloore
Assessnent Profile (MAP), an instrument which had been developed
to assess the needs of secondary science teachers, and the Teacher
Concerns Statement (TCS), an instrument that was tased on the e
Concerns-Based Adoption Model (CDAl) and developed by the Research
and Development Cente. for Teacher Education of the University of -
Texas at Au.l... The study included all Cpnglish speaking public
secondary school science teachers in the Republic of Lebanon. . .
Usable returns were received from a total of 65 science teachers
(58%) . ’ :

-

. The results of the study indicated that physics teachers from
the five geographic regions shared six high~priority in=-service
needs (A high-priority in-service need is & need that was rated as
"much needed” or “moderately needed” by at least 588 of the

“teachers); chemistry teachers shared nine high~priority needs: and

biology teachers shared twenty-one high-priority needs. Physics,
chesistry and biclogy teachers across the:regions had ROstly
medium level concerns (task concerns: ,issues related to
management, efficiency, organization, scheduling, time demands,
adeyuacy of curricula, and availability of instructional paterials
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ang DOratory equlpncnts),‘and high level concerns {impact
concerns:  lssues telated to the impact of teaching on students!
perforuiance and competence, ond changes needed to increase student
outcones) . :

The high-priority needs and predominant concerns of public
secondary physics, chemistry, apnd bioloqgy teachers in the
different geographic regions of the Republic of Lebanon must be
addressed 1f the conditions and effectiveness of science teachers
in Lebanon are to improve, : a2
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A REVIEW OF THE STATUS OF HISPANIC AMERICAN
' STUDFNTS IN SCIENCE

Steven J. Rakow
University of Houston--Clear Lake City
2700 Bay Area Blvd.,. #31¢
llouston, TX 77058

“Constance Walker
University of Minnesota
159 Pillsbury Dr., S.E.
flinneapolis, MN 55455 o

ABSTRACT

Hispanic American students represent a large percentage of
the Non-English Language Background (NELB) students in the ,
schools. Despite their large numbers, little research has been
undertaken to understand the science education needs of this
population. ‘ : o

The purpose of this paper is to review the research related v
to the status of Hispanic Americar students in science. The B
review will focus on four areas of research:

1. The demoqraphics of Hispanic Americans in scientific
and technological fields of education and employment.

2. The science-related attitudes of Hispanic. American
students.. : .

3. The science-related achievement of Hispanic American
students. .

4. Efforts to improve science instruction for Hispanic
American students. ‘ '

National reports of the status of minority groups suggest
that Hispanic Americans are underrep.esented in scientific and
technological careers. Several barriers have been identified
which may preclude the participation of minorities in

.sCience-related fields. R

Results of the recent naticnal asssessment in science indicate
that Hispanic American students achieve at a slightly higher level
than black students, but that both black and Hispanic students
achieve significantly below white students. This may be related
to the significantly greater number of science experiences that
white students receive. : -

1
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_ While white students' attitudes have declined over the past
fivé years, Hispanic students have remained fairly constant in
thetr attitudes toward science over -the same period of time. 5

The review begins to identify some of the influences roward
science in general that may affect later course and career choice
of HispanicC American students. It is clear that interventions
within the school setting that might positively affect students'
attitudes toward and achievement in science and scientific careers
are needed carly in students' school experience to later influence
choice of science couxsework and careers. Lack of participation
in these areas by minority students must be considered a result of
substantial intluences blocking participation. Clearly, the
status of Hispanic American students in science is affected by
school and societal factors. ECarly exposure to science
experiences, instructional strategies that include attention to a
variety of cognitive styles and allow for personal attention and
cooperative gqroup activities may well be -a start in the
development of foundations for choosinq science.
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SCIENCE. - TECHNOLOGY RCLATED GLOBAL PRODLEMS: AN e
INTERNATIONAL SURVEY OF SCICNCE EDUCATORS '

Rodger W. Bybee
Carleton College
Sorthfield, MN 55857

. Teri Mau ’
Science, Technology and Public Policy P.ograam
Carleton College
Northfield, MN 55857

ABSTRACT

Science -~ Technoloq§ - Society (S-T~S) has been suggested as

a new conceptual organization for science education. This survey

evaluated the one aspect of the S-T~S theme; namely, the teaching
of global problems related to science and technology. 'The survey
was conducted during Spring, 1984. Two hundred fifty-five science -
sducators completed the survey. This was 78% of the original
sanple. Findings of the “survey included a ranking of twelve
global problems (the top five were: World Hunger and Food
Resources, Population Growth, Alr Quality and Atmosphere, Water
Resources and War Technology). Science educators generally
indicated the following: ‘

1, The problems would be worse by the year 2099.

2, They were only slightly or moderately knowledgeable
about the problems, o

3. Print, audio visual media and persopal expe:ieﬁccs were
, primary sources of information,

4. It is important to study global problems in schools.

5. Emphasis on global problems should increase with
age/qgrade level. .

6. An integrated approachvshould be used to teach about
global problems.

7. Courses including global pﬁoblens should be rejuired of
all students. '

8. Most countries are in the early stages of developing
programs including global probless.

9. There is a clear trend toward S-~T-S.
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18, There is public support ‘or including global problems
and the most significant limitations (in order of
significance) are political, personnel, sc&ial,

psychological, -econonic, pedogogical and physical),

This survey has implications for the purpose, policies,
programs and practices of science education.
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THE ABILITY OF HICH SCHOOL CHEMISTRY STUDENTS TO SOLVE
COMPUTATIONAL PROBLEMS RRQUIRING PROPORTIONAL REASONING
AS ATFCCTED BY ITEM IN-TASK VARIABLES

Timothy Falls .
Novi #iddle School South
Novi, MI. 48050

Burton E. Voss
University of Michigan
Schoul of Education
Ann Arbor, NI 48109

ABSTRACT

This research study was designed to investigate the
interactions of selected high school student aptitudes
{(develupmental level, field dependence-independence {FDI), and
proportional reasoning ability) with their ability to solve
chemistry problems with varying structure and information. The s
secondary purpose was to investigate the relationships of gender
with chemistry problem solving and student aptitudes. »

Three aptitude measures (The Balance Puzzle, The Find a Shape
Puzzle, and An Inventory of Piaget's Developmental Tasks) and 14 -
dependent chemistry quizzes were given to 77 high school students.,
Five chemistry concepts were covered by the quizzes. wWithin each
quiz a number of in-task variables were identified: piagetian
logical Structure~-reversibility, ‘algebraic format, type of
information-relevant only or relevant and irrelevant, and nature
of the information-explicit or implicit. All measures were
administered over a period of fourteén weeks during the first
semester of the 1983-84 school year. The statistical procedures
used centered on correlations and analyses of variance.

Field independent students performed signi%icantly better on
the in-task conditions. The implicit information interaction
‘being a unique contribution to the research on FDI. Degree of
formal reasoning and proportional reasoninc were found to be
significantly correlated with success in +emistry, independent of
the in-task conditdions. Males significantly outperformed females
on the proportional reasoning measure-=-The Balance Puzzle, No =
significant interactions were found between sex &nd chemistry -
achievenment, : ’

a

Three major recommendations were made as a result of the
analyses of data. First, it was recommended that further study be
conducted analyzing individual differences in aptitudes with
problem solving as it takes place in natural settings, using

~
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to the relationships of FDI with in-task conditions which vary in
the type of information given, as well as additional study
‘telative to varying the amount of information and/or the use bf
radundant information, Third, the interaction of implicit
information with students' degree of FDI warrants expanded study.

\\\\claastoon examinations. Second, continued study should Be given .
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THE LOGICAL REASONING NECFSSARY TO MAKE LINE GRAPHS - -

Michael J. Wavering
_ Eastern Kentucky University
Model Laboratory Schonl
Richmond, KY 45475

ABSTRACT '

A three year study was conducted to determine the logical
reasouning pro.esses necessary to construct line graphs. Three
types of line graphs were used: a straight line with a positivé
slope, a straight line with & negative slope, and an exponentially
increasing curve. This area waa chosen for investigation because ‘
of the importance in science of displaying information -
graphically. "Previous research by other investigators was a
conCerned with the accuracy of reading various types of graphs and
with:measuring graphing skills. This research determined the
underlying logical reasoning processes needed to make line graphs. .

The three research instruments used concisted of a set of
instructions, data to make & graph, and two unlined pieces of
paper . The subjects used were middlie school and high school ¢
science and mathematics students who were allowed to use a ruier
if they thought it necessary and were allowsd as much time as
nceded to complcte the task. - B

The responses were classified into one of nine categories.
The categorjes ranged from no attempt to make & graph to complete
graph with & statement of a relationship between the variables.
The categories in between represented increasingly more successful -
attenpts at ordering data in one and both variableg to correct ‘
scaling of the data on the axes. The middle categories also
represented increasingly more successful attempts at establishing
& one-to-one correspondence between the variables to pattern
recognition leading to recognition of a relationship between the
variables. Middle school subjects exhibited behaviors mainly in
the first four categories. ninth and teath grade subjects >
overlapped with the middle school subjects and also overlapped
with the eleventh and twelfth grade subjects in the middie
categories, and the eleventh and twelfth grade supjects exhibited
behaviors mainly in the last five categories.

The c.tegories appearsed to be valid with the three types of.
line graphs and the subject response patterns were the same on all

the instruments. These response categories also showed a close
fit with Piagetian concrete operational structures for single and
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double seriation and with formal operational structures foi
propurtional reasoning oand correlational reasoning,

The implications of this research for science t.aching a-e
these. Teachers can now be aware of what logical reasoning
students will bring to a graphing situation. Teachers will also
be able to understand the reasons why students make certain
mistakes when they naoke line graphs, Teachers will be able to
make interventions that will not only help students make their
graphs correctly but possibly will help students develop the
logical reasoning to make their graphs correctly on future
ocCasiony, ’ . .

!
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« THLE DEVLLOPMENT, VALIDATION AﬁD ADMINISTRATION OF A
CRITCRION-REFERENCED SCICNCE DATTERY FOR GENERAL

EDUCATION STUDENTS IN COSTA RICA - L
- ’ >

Juan M. Esquivel
Research Institute for the Improvesent of Costan Rlcan Lducation
: University of Costa Rica .
, IINEC —
Facultad De Cducation S
20608 Universidad De Costa Rica
San Jose, Co»ta Rica - A.C.

Lilliana Quesada Yannaa:ella
» IIMEC 4
Facultad D¢ Educution
206¢ Universicad De Costd Rica
san .Jose, Costa Rica - A.C.

ABSTRACT

&

The purpouse of this study was twofold: a) to develop and
valigate criterion-referenced tests in ofder (o measure science
knawledqge of students who finished the fifth grade as well as the
ones who finished the three cycles of the General Education; b) to
assess the performance of these teats with & national random
sample of fourth, sixth, seventh and tenth-graders in 127
elementary and 43 public secondary schools in Costa Rica.

~

Sets of 16 to 20 behavioral objectives were specified in
order to define a content domain to be measured by each test.
These sets of objectives were selected after elementary and
secondary science teachers in several regions of the country were
consulted. The teachers gave their opinions based on the science
program and their experience on which objectives represent the
minimum science knowledge a student must have. At least ten items
were constructed to match each objective. A panel of five science
educators chose three out of ten items for each objective.
Therefore, the fourth-qrade test was composed of 48 i{tems, the
sixth-grade test of 42 items, and the seventh- and tenth-grade
test of 60 items. The procedure employed to define the content
domain and to develop and select items to measure the domain
supported the content validity of the tests. HReliability was
calculated using KR-21,

. ¢ .

The instruments were administered to 1012 tenth-graders, 113¢
sixth-graders, 794 seventh- and 449 tenth-graders who were
enrolled in elementary and high schools chosen at random from the
total of public schools in Costa Rica. Only two objectives were
mastered by fourth-graders in a specific reyjon and any other
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objectives were mastered at any other grade levels. Norm- .
referenced analysis of the data using ANOVAS showed significant o
dif ferences among regions and type of elementary and high schools.
The tests are very useful for researchers and Science educators

this being the first attempt to develop and validate C-R tests in °
Science for the Costa Rican Educaticnal System,
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RULATIONSHIPS OP ATTITUDE TOWARD SCIENCE
AND FAMILY ENVIRONMENT

Dorothy J. Bridgeman
. University of Georgia
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Athens, GA 39602

Steve Oliver \\
University of Georgia .
Office of Instructional Development
Athens, GA 30682 :

Ronald D. Simpeon
University of Georgia®
Office of Instructional Development
Athens, GA 30692

ABSTRACT

This investigation was sade on data gathered as a part of a
larger longitudinal, multi-dimensional study that has as its “oals
- the examination of the relationship between variables of the home,
school and self as they relate tOo attitude toward and achievement
in science. .The purpose of this investigation was to look at the
characteristics of family environment and determine the nature of
the contribution of family environsment to attitude toward science.
The data collection took place in a large school district in North
Carolina. The instruments were acdministered in the fall, winter
and ‘spring of the school year.

" The two family oriented subscales were targeted for
exarination as regressors to the dependent variable of attitude
toward science. One of these, the family science subscale
includec items to assess student perception of their family's
science support. The other, called family general, consisted of
items to assess student opinion of the quality of their family
life. The population under study consisted of over B#J seventh
grade students and over 1,469 tenth grade students. The students
were from four randosly selected schools in the district and had
been previously assigned to their ability-qgroup tracks, which had
three levels, by pre-existing local lchool quidelines,

The statistical design in this investigation was -ultiple
linear regression using SAS procedure REG. The population was
~examined by ability group track, by grade and by time.

In the regrcision model developed, the probability level
which indicated the relationship of the family science variable to
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science attitude was highly significant {9.041 level). This was
‘for all ability-qroup tracks at each grade level and over time for
each grade level, The family general variable was found to be
significant in its relationship to science attitude for Track 2
abjlity-groups at both grade levels and over time for the tenth
grade, but not over time "for the seventh yrade. The seventh grade
Tratk 2 probability at time 3 for the T-value was @.8754.

Family environment {s defined as being the interactions which
take place between family members. They are reflected in the
members' pbehaviors and attitudes in other flaces such as the
schuel. The high degree of influence of the family on a student's
schooling is generally established. ' '

It can be concluded that there is a need for science
education researchers to tfurther examine the family eonvironment
‘variable, as previously defined, as a source of alterable
variables., The pousitive enhancement of these family influences in
a student's learning environment could improve attitudes toward
science among adolescent students.

;
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PRESERVICE TEACHERS' RETENTIQN OF CHAI'SED ATTITUDLS TOWARD
CNERGY CONSERVATION: COGNITIVE RESPONSE OR
RECALL OF MESSAGE ARGUMENTS

Thomas R. Koballa, Jr.
The University of\Texas at Austin /
Science Education Center
Austin, TX 78712

ABSTRACT

This investigation attempted to determine if subjects’
cognitive responses to a persuasive communication are more highly
correlated with attitude chanje than the recall of argquments
presented in the communicstion. Subjects wete exposed to a
systematically designed persuasive communication and then tested
for their retention of the arquments presented in the.
communication and cognitive responsés. Attitude change was found
to be significantly gorrelated with cognitive respunses elicited
impediately follow;yq the persuasive comsmunication and cognitive
responses recalled three weéeks later. No significant correlation
was found betweenvthe recall of communication arqupents and
attitudé change.,/ The results offer a plausible explanation of the
contradictory ondans reported in the science education
literature regatding the dissipation of attitudes changed. usinq
persuasive communication.
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THE EFFECT OF WRITTEN PCRSUASIVE COMMUNICATION ON CHANCING
ATTITUDES OF EGYPTIAN PRESERVICE SIOLOCY TEACHERS
: TOWARD TEACHING EVOLUTION. o

Hassan Hussein 2Zeitoun
The Islamic University of Imam Hohammad IbnSaud
The Faculty ©of The Arabic and Social Sciences
‘ " Alkaseen, Braida i ‘
P. 0. Box 1193
SAUDI ARABIA

Abdelmonein Ahmed illassan
College of ECducation
Al~-Azhar Unjiversity

-Caifro, EGYPT

ABSTRACT

Tre purpose of this study was to determine the effect of .
written persuasive communication on changing attitudes of Cgyptian
preservice biology teachers toward teaching evolution. The ¢
Pretest-Posttest Control Group Design was chosen as the design for
this study. The subjects who participated in this study consisted
of 154 volunteers (46 males and 198 females) enrolled at Biology
Section in the College of Education, University of Tanta, Egypt
during the academic year 1983-1984. The subjects were randomly
divided into twc cqual treatment groups: 1) the experimental.
group (the persuasive communication group); and 2} the control
group (the control communication group). Two different treatment
materials were used as a part of this ipvestigation: 1) the
persuasive communication which consisted of a written message,
printed information on the importance of teaching of evolution to
secondary school students, and 2} the control cosmunication which
conspsted of a written communication about air pollution. The .
Attitude Toward Teaching Evolution Scale was developed to be used
in this study. This scale was administered as a pretest and
posttest to assess attitude change. Ansiysis of covariance was
used to analyze the data. The findings of this study indicated
that there is a significant difference (at the .95 level) in the
adjusted posttest mean scores between the experimental group and
the control group. This difference was in favor of the
experimental gioup. It was con¢luded that Egyptian preservice
biology teachers who received the written persuasive communication
had a positive change in their attitudes toward teaching evolution
to secondary school students.
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AN INQUIRY INTO THE PHENOMCNON OF
UNDERSTANDING ABSTRACT CONCEPTS

Nasrine Adibe ,
Long Island University
C. W. Poat Campus
,School of Education .
Creenvale, NY 11548 - N

-

ABSTRACT . B

In this study two methods were used: indepth review and
synthesis of related literature and six pilot exploratory studies
conducted by the author durihg the last decade,

{

This study was attempted to define abit:act concepts,
delineate the mental processes involved in abatraction and draw
implications to curricula and instruction in science.
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M PRELININARY REPORT ON THE EFFECTIVENESS OF A YEAR LONG
! INTERVENTION TC PROMOTE SCIENTIFIC LITERACY

Dale R. Baker
v University of gtah
Department of FRducational Studies
133 MBIl '
Salt Lake City, UT 84112

Michael D. Piburn
Hestminster Collegé of salt Lake City
Department of Education
Salt Lake City, UT 841@5

ABSTRACT

The purpose of this study was to develop a ninth grade
curriculum that taught the skills of scientific literacy, moved
students from cancrete to formal thought, and to determine whether
variables such ad personality, field dependence/independence and
attitude arc mitigating™factors in the acquisition of reasoning
siills. 1The selection of macterials and their sequencing was based
on Piagetiain theory. The definition of sgientific literacy was
taken from Arons' description .dn the sprinmg- 1983 issue of .
Daedalus. The study was conducted in an urban catholic high ¢
school. There were 250 studencs in the study randomly assigned to
three.teachers who taught the course. Students received generic
instruction on the skills of making observations and inferences,
measuring, classifying, frames of reference, spatial ability,
ratios and proportions, making combinations, controlling
variables, hypothesis testing, logic and understanding scientific
models. "Content was sel cted to bring the student to an
understanding of specific scientific modeis. Students were also
tested on their ability to transfer these skills to content areas
and own their mastery of content. Seventy students were chosen at
random to be clinically tested for cognitive level using Piagetian
instruments and the embedded figures test. Preliminary analysis
indicates that skill acquisition was facilitated by instruction.
Skill acquisition was more difficult than was anticipated for
ninth grade students. The course also made a significant impact
on students' attitude toward science. An issue of major
importance was the assignment of grades because of the
developmental underpinnings of the course. Another issue of
concern was the students' and parents' attitude to a process based
rather than a content based course.

126

ic - 146



s c a EEERRRE A
nL

R
.

A

-~

Session B-17
COCHNITIVE PREFERENCES AND SCIENCE TEACHING BgHAVIOR

Paul R. Boehlke
Pr. Martin Luther College
New Ulm, MN 56873
M

James A. Shymansky
University of Iowa
Science Education Center
lowa City, IA 52242 o

K ABSTRACT

The purpose of this exploratory study was to search for
possible relationshlps between science teachers' observed
classroom behaviors @nd their cognitive preferences as measured by
@ written jinstrument. ; :

Fifty-six teachers in grades-five through eight were observed
teaching science lessons, Each teacher chose three lessons for
the study. A behavior coding system was used by trained
observers. Behavior codes were analyzed on an Apple 11
ricrocomputer. Anecdotal records were also kept. The teachers

* completed the Science Cognitive Preference Inventory (SCPI) which
reasures preferences for recall, principles, applications, and
questioning. Three groups of teachers were forsed: one highest
in questioning, one lowest in questioning, and one with indistinct
cognitive preferences. ' ‘ '

Hajo: conclusions were: -

1. The three groups of teachers classified on the basis of
their cognitive preference tests were found to exhibit
different teaching styles significant at 9.953.

2. Correlations between particular behaviors increased when
data from teachers with only distinct preference scores
were used, indicating that teachers with distinct
preference scores may also have mor~ distinct teaching -
styles. v :

3. The results of anecdotal ‘Tecords lent support to the
cognitive preference construct.

4. The results of intercorrelations, factor analysis, and
score patterns indicated 8 lack of discrimination
between the recall and principle preferences. This lack
of discrimination may call into question the traditional
definitions of the modes, but not the entire construct
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for which support was found, especially in the area of : \
prefezence for questioning. ‘
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A STUDY OF STUDENT ATTITUDLS TOWARD SCIENCE~TECHMOLOCY ~SOCIETY
RLSULTING FhoM VISISTATION TO A SCIENCE-TECHNOLOGY MUSEUN

Kevin D, Fiuson
, Kansas State Unive "sity .
Department of Curriculum and Instruction !
239 Bluemont Hall 1T
Manhattan, KS 6686
_Larry G. Enochs
Kansas State University
Department of Curriculum and Instruction
251 Bluesmont iall
Manhattan, KS 66506

ABSTRACT

The problem of the study was to determine if visitation to a
specialized science-technology museum affected student attitudes.
toward Science~Technology~Society (STS); and if 80, in what ways
teacher use of planned instructipnal strategies for the museu®,
an. prior student experience with STS, correla‘ed with these
attitude changes.

The null hypothesis of the study was that there would be no
significant differences in atfitude toward STS between students '
who hadqvisited science~technology museums and students who had
not visited such museums. Three subordinate hypotheses were also
tested, aimed directly at those students who had visited '
s.ience-technology museums. These hypotheses dealt with the
eéxtent to which teachers' use of the museums was planned and how
this planning related to student attitudes toward STS, .

A nonequivalent control group gesign utilizing pretests and
posttests was used. Subjects were in intact groups with unequal
n's. Subjects included Kansas students from grades 6-8. Prior to
pretesting, all subject were given the Student STS Questionnalare
to determine pricr exposure to STS and tO establish SoCioECONORM.C
status. All subjects were pretested using the Scientific
Attitudes Inventory (SAI). Pretesting occurred during the fall
semester and prior to visitation to museums. Three weeks later,
all subjects were again given the SAI, this time as the posttest.
During pretesting, teachers were given the Teacher STs )
Questionnaire to determine prior use of STS in the classroom and
to determine the extent of instructional planning for m ‘eum

TR
S

Z‘}&

visitation. This latter component served only for thosc cteachers .

whose students visited museums. Nonvisiting teachers did not
receive questionnaires including this component, Teachers whose
classes visited museums were interviewed at the time of
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posttesting to further delineate instructional strategies used
with museunms. o
Analysis of covariance, using pretest scores as the

covariate, was employed on a 2 X 2 matrix comparing prior student
STS exposure and museum visitation., A second analysis of .

¢ov riance was utilized on a 2 X 3 matrix comparing prior studeat
STS exposure and levels of teacher instructional strategy employed
in museums, Further analysis was done comparing student atzitude
changes and various demographics of subjects.

8
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IDENTIFYING STUDENTS' DIFFICULTILES IN UNDERSTANDING CONCEPTS
PLRTAINING TO CLLL WATER RELATIONS: AN EXPLORATORY STUDY

-

Y. Friedler
liebrew University
Israel Science Teacher Center
Jerusalem, Israel 91904

ABSTRACT

The study attempts to identify students' conceptual
difficulties in understanding concepts and- processes associated
with cell water relations {(e.g., osmosis) and to find out po;aible

v reasons for thesc difficulties. This aresa was chosen because
osmosis is a key ‘'concept for many important life processes and
conseyuently it is studied repeatedly in schoals. Yet, experxence
and previous research has indicated that many students have had

* conceptual difficulties in this area, perhaps because of the
dépendence on basic concepts in physics and chemistry (e.g.
diffusion, solubility, particulate nature of matter, potential)
which teachers may wrongly assume that students have mascered in
their previous studies. Three research strategies were used:
content analysis of comnonly used textbooks, three paper and
pencil questionnaires featuring 72 true/false items and individual
interviews based on wo demonstration experiments. One hundred
forty-two students in grades 9, 10, 11 participated. The main
findings were:

\ .

1. - Certain concepts are presented by the textbocks in ways

which may confuse students. !

2. Certain textbooks, e.g., the BSCS texts, hardly mention
OSMOSis.,

3. in all guestionnaives there weore no differences between
the different grade leve's,

4. Concepts which appeared to raise difficulties were
osmOsis, 0smMOtic pressure, potential.

5. Serious misconceptions exist with regard to basic
concepts such as solutions, sulubility, particulate
natvre of matter and molecular movement. These mis-
conceptions are partially responsible for dxffxculties
in understanding osmsotic relations.

6. Teleology and anthropomorphism are widely used as if
they provide causal explanations.

131

Q . ' 1.
ERIC

Aruitoxt provided by Eic:

<
e



7. Students often use textbook definitions of osmosis and

diffusiun without fully understanding these concepts.

This exploratory study points at the need for large scale
comprehensive <search which can vse the same strategies in order
to substantiate and extend the findings. Subsequently,
instructional materials and strategies should be designed Yto reach

better coamprenhensiun of the concepts and processes associated with
cell water relations,

K
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HOV DOES THE USL OF NELUSDAY'S SCIENCE EDUCATION SERIES
PROGRAI' AFFLCT SELECTCD NINTH GRADE STUDENTS'
CONTHEHENSION OF SiIIENCL READING MATERIAL?

Har.ld Friend
New York City Poard of LNducation
Block 1.8. 2%
J§-65 192 SsStreet
Flushing, NY 11358

Sol Karsch
Block 1.8. 25
34-65 192 Street
Flushing, NY 11358

Shirley Sieqel
Block 1.£. 25
34-65 192 Street
Flushing, NY 11358

ABSTRACT

Reading is a communication process that is crucial to
students inp all learning areas, but especially in science.
Printed text materials are the most widely used teacher aids in
the science classroom., whether working individually or in groups,
students are constantly referring to textbooks, articles, .
handouts, and laboratory manuals., If used properly, such material
can facilitate student achievement, It is imperative that
students comprehend science reading raterial,

The purpuse of the present study was to determine how the use
of Newsday's Science Bducation Series Program affected selected
ninth qrade students’ comprehenslon of science reading material.

The students involved in the study were 136 New York City
ninth graders, divided into six @lasses. Three classes consisted
of students with standardized teading and mathematics scores at
least two years above grade level, while three tlasses consisted
of "students with standardized reading and mathematics scores on
grade level. All students came from Queens, New York. Some
walked to school while others used public transportation. They
were of a middle socio-economic background, The sample w 1 about
one-half male and one-half female.

The Deqrees of Reading Power was administered to the sample
in March 1984. The instrument assesses a student's ability to
comprehend prose material written at various levels of difficulty,
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has a psychoulinguistic orientation, and resembles a modified Cloze
foermat. -

One class (n=19) with students' standardized reading and
zathematics scores at least two years above grade level, and one
class (n=24) with students' standardized &cores on grade level,
followed the Newsday Science Lducation Series Program format.
Once evach week, f{or ten weeks, & newspaper sclence article was
selected and used according to Newsday's directions.

One class (n=29) with students' standardized rcading and
mathematics scores at least two years above grade level, and oOne
class {n=21) with students' standardized scores on grade level,
read the same newspaper science articles as the first two Classes
¢ited, but the science teacher did not follow the Newsday format.
The students read the science articles, discussed the content, and
answered questigns pertaining to the articles. The science
teacher never saw the Newsday Program.

Finally, one class {n=21) with students' standarized reading
and mathematics scores at least two years above grade level, and
one class (n=22) with students' standardized scores on qGrade
level, did not use Newsday's format and did not read any newspaper
science articles. The science teacher used the newspaper sclence
article the other two groups (four classes) had read, but only to
teach the article's content., The teacher never saw the Newsday
Program. The three science teachers involved in the study had
similar professional bacvkgrounds.

After ten weeks, the Degrees of Reading Power test was
administered again. Correlated t-tests were usod to evaluate the
null hypothesis,” "There is no change in selected ninth grade
students' comprehension of science reading material, whether the
students used the lewsday Science Education Series Program format, -
newspaper science articles alone, or were taught only content from
specific newspaper science articles.”

Students with standardized reading and mathematics scores at
least two years above grade level did not show a statistically
sigmficant difference botween pre-test and post-test Degrees of
Reading Power scores when taught using Newsday's Program, or when
taught newspaper science articles' content without the article.
The null hypothesis must be accepted. But, when taught using the
news paper science articles alone, there was a significant
increase in the post-test scores at the .@1 level. The null
hypothesis must be rejected.

Students with standardized scores on grade level who were
taught using newspaper science articles alone, or who were taught
newspaper science articles' content alone did not show a
statistically signiticant difference between pre-test and
post-test Degrees of Reading Power scores. The null hypothesis
must be accepted. But, when taught using Newsday's Program, there
was o significant increase in the post-test scores at the .85
level. The null hypothesis must be rejected.
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THR PORTRAYAL OF NINORITILS AND WOMEN IN SELLCTED
" CLCMENTARY SCIENCE SERILES

Jesus Garcias
Texas A & M University
Department of EDCI _
College Station, TX 77843 ' ©

Richard R. Powell
Texas A & 11 University
Department of CDCI
College Station, TX 77843

 ABSTRACT

The purpose of this study was to determine the quantitative
and qualitative por.rayal of females and minorities in the
tllustrations of seven contemporary elementary science textbook
series. An evaluation instrument was devised to determine the
current status of the targeted qroups. Illustrations were
evaluated on the basis of minority/nonminority and r-le/female
representation. The activity and assumed role of the individuals
were also tebulated. A total of 5,965 human illustrations were
evaluated. The results reveal that the female children group is
represented with yreater frequency than are other child groups.
Minority children are represented less often than nonminority
children and female and minority adults are depicted less often
than nonminority male adults. The textbooks evaluated in this
study display science positively for most societal groups.
lHowever, minorities are underrep. *sented and illustrated in a
limited number of career roles. . -vlications and suggestions for
teachers, supervisors, and teacher educators are provided.
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THE VIEW OF SCIENTIFIC LITERACY AS ESENTED
v Il EARTH SCIENCE TEXTB X
Theron Gargd .
University of Ho:;tbn-Clear Lake
Programs in Sciences and Technolaqxes{
2700 Bay Arca boulevard >

liouston, TX 77¢58 >
Bugene L. Chiappetta
University of Houston-University Park
Depirtment of Curriculum and Instruction
Houston, TX 77804

)
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N ABSTRACT

The need for scientific literacy among the nation's citizens
has long been recognized. A major re-emphasis on the issue which
beqgan in the mid-196¢s appears to be gaining attention in the
19805, A question that could logically be raised then centers on
why, after two decades of emphasis, has the goal of scientific

v literacy not been reached.

This study addresses that question by examining earth science
textbooks published for middle school/junior high level students
"to determine whether the aspects of scientific litieracy are
present and at what level each aspect is represented., Textbooks
appeadr to be the message and the vehicle of the curriculum in
sciences. Therefore, students who learn science from textbooks
which do not adequately reflect a balanced view of science
necessary to promote scientific literacy cannot be expected to
become scientifically literate citizens.’

Scientific literacy has been def ined ant‘dosc:ibed, often in
detail, during the past twyo decades. It has been noted that
everything that has anything to do with science has become
associated with scientific literacy. A model of scientific
literacy was synthesized from these past studies. The four
qspects of scientific literacy agreed upon by investigators and
included in the model are (1) Basic Knowledge of Science, (2)
Investigative Nature of Science, (3) Thinking Procesges of
Science, and (4) Interaction of Science, Technology and Society.

In order to dete.mine whether textbooks reflect the goal of
scientific literacy, an instrument was developed with which
textbooks could be analyzed. The four aspects of scientific
literacy formed the basis of the instrument; content analysis
provided the technique. Science educators, using the instrument,
analyzed the five earth science textbooks adopted by the State of
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Texas for the avadessc years 1983-1989. The results of the
analysis were analyzoed to determine the level of inclusion in
general of each aspect of scientific literacy. The results
indicated that carth science textbooks heavily favor the tbasic
knowledge aspect of science and thus do not reflect the gqoal bf
scientific literacys

Since the textbooks cannot be considered a source of
sclentitic literacy, the implications for science education are
clear. (1) Eoth inscrvice and preservice teachers must be made
aware of the nuture of the textbook ‘and its impact in the
classroom. (2) Additional curricula materials must be developed
to supplement’ the textbooks., {3} The instrument developed during
this study can be used by teachers faced with textbook adoption
decisions.

¥
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PRESCRVICE SCIENCE EDUCATION - WHAT
AFFECT METHODS CLASSES?

o

Paul S, Markovits
Hontand State Unjversity
Science/Hath Resource Center
Dozeman, NT 59717

Ruth C. Johnson
Montana sState University
Department of Secondary Education
pozeman, MT 59717

ADSTRACT

Five years of data related to teachers' perceptions of
learning and knowledye were analyzed to ascertain whether
differences existed between preservice elementary and secondary
science students. The data were generated from a questionnaire
derived from assumptions about learning and knowledge. The
assumptions speak to five areas of learning: motivation,
conditions of learning, social learning, intellectual development
and evaluation. Knowledge assumptions comprise a sixth area.

The data were analyzed using a Chi Square statistic with the
probability set at the .05 level of significance with the number

of c~ses (n) beiny 435, There were no significant differences in

prescuses for either elementary underqraduate and graduate
students or seconddary undergraduate students. No significant
differences occurred with post scores between undergradudcte and
graduate elementary education students. However, significant
differences occurred between undergraduate elementary and
secundary students in the areas of assumptions about motivation,
conditions of learning and knowledge requirements of school
children,

The study supports the NSTA recommendations for certification
of elementary and middle/junior high science teachers. Also,
there is some indication that inservice and preservice egucation
need to follow varying paths.
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AN EVALUATION OF THE ELEHIENTARY SCIENCE METHODS CLASSES AND
OTHER METHODS COURSES AS PLHRCEIVED BY BOTH PRESCRVICE
EDUCATION TEACHERS AND CLASSROOM TCACHERS

Ava I'. Pugh
Northeast Loulisiana University
Monroe, LA 71209

ADS‘I‘RACT1

The problem of this study was to determine the effectiveness
of the science methods course as compared to other methads courses
in elementary education at Indiana University Southeast. The
survey was administerec for three consecutis s semesters to both
classroom teachers and preservice teachers.

After administering the questionnaire to both the classroom
teachers and preservice teachers, percentages for each question
were analyzed. When means and standard deviations were analyzed,
no significant differences were found. This supports that botkh
the experienced classroom“teachers and the preservice teachers
were in agreefent on the preparation of the preservice teachers.
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ATTITUDLS OF .UNIVERSITY CANDIDATLS TOWARDS LLARNING ACTIVITIES
AINED AT PREPARING THEM FOR SCIENCE STUDIES

*

Zahava Scherz
The Weizmann Institute of Science
Pepartment of Science Teacning
Rehovot 761¢0¢, Israel

tiichael Michman
“The lebrew University
Institute of Chemistry
Jerusalem, Israel '

Pinchas Tamir
The Hebrew University
- Institute of Chemistry
Jerusalem, Israel

ABSTRACT

Students' attitudes, expectations and opinions about lecarning
activities wore investiqated before and after one year of science
studies in the ®reacademic School (PAS) of the Hebrow University,
Jerusalem, A i-part questionnaire was pre and post administered
to 15¢ PAS srudents {7¢% of whom were classified as academically
dxsadvantaqed‘accoxdinq to socioeconomic criteria)'durinq the
ywvars 1978-188¢.

The main finding showed that prospective science students
expect that in their learning preparation program, study skills
activities, such as efficient sclentific reading, essay writing,
note taking, data analysis or orientation in the scientific
library, should play an important role beyond that of merely
subject matter teaching. These learning skills were considered by
students to have a significantly greater influence on future
SUCCess in university studies than factors like talent, hard work
Or soCioveconomic origin. However, students perceived their
competence with regard to many learning skills activities to be
fairly low.

They also felt that the learning skills instruction actually
offered at the PAS was far below what they would have liked it to
be. Such a dissatisfaction was not found in relation to
traditional subject matter oriented activities, some of which were
even judged to be superfluous.

It was concluded that learning skills should play an
Important role in remedial program for disadvantaged students
cither 1n preacademic programs, or in upper classes of secondary
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" school, or i1n the first year in college. An example of the e —

potential and actual contribution of such a study skill program to
igproved achievenent is briefly discussed.
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THL ROLE OF PRE=~PLANNING CURRICULUM EVALUATION
IN SCIENCE CDUCATION t

Pinchas Tamir
llebrew University
Israel Science Teaching Center
Jerusadlem, Israel

ABSTRACT

hH new dimension designed as Pre-Planning Evaluation (PPL) is
proposed as complementary to the two currently used forms of
evalution namely formative and summative. The purpose of PPL is
to provide dats base to curriculum development deliberations in
order to assist in decision making and quard against neqlect of
imjortant issues, PPE is certainly essentiol when no pertinent
¢valuation data exist, but it was found to be useful even in cases
when evaluation data of previous generations of curricula do
exist.

Three case studies are presented to illustrate the pature and
potential of PPC: the biology curriculum in Israel, the high
school bioloqy curriculum in Australia and the electricity
curriculum in technical high school in Israel. Examples of
findings and conclusions of PPE studies are: ’

1. In elementary grades the needs of individual students
should take precedence over the demands of subject
matter and society.

2, The best way of meeting the needs and matching the
capability of elementary school students is to study
macroscopic organisms {plants and animals) and to
become familiar with phenomena in the immediate
environment,

3. Quantitative statistical treatment of data should be
done mainly in the senior high school,

4. lMore emphasis should be given to human biology and its
applications,

5. Narrative of inquify is an appropriate and desirable

way to presenting biological reading materials to

students of all ages. -
6. Continuous short time revision of laboratory manuals

is very important.
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The last case study, namely that dealin
the most comprehensive and involves data col
different relevant
pertinent document.
facilitates com

curriculum deliberations is presented as well,

that the
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Intormation and technigues in electricity becomes
Gbsolete an 5 to 13 years. Hence, much of what
students will have 'to know -and do on their job will be
different froum what they have studied in school. How

¢an students be prepared to cope with rapid changes in
the future?

lection from eleven

A “nUmat of data presentation which
prehension and utilization of PPr information in
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In better and more Comprehensive deliberations with
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CANXIETY LEVELS OF STUDENTS TAKING REQUIRED
" COLLEGE SCIENCE COURSES

rary Westerback
Long Island University,
C. V. Post Campus" -
Geoloqy Department
Greenvale, NY 11548

Clemencia Gonzalez
Long Island University
C. W. Post Campus
Geology Depsartment
Greenvaln, NY 11548

ABSRACT

The purpose of the study is to seasur~ initial anxiety levels

. and examine the science and math backgrouncs of all college

students taking science courses to complete their scienne
requirement in-the following disciplines: Liology, chemistry,
geology, physics and psychology.

Data werc collected in September 1984 from about 769
students. The data are now being placed on cards to be cptically
scanned and entered into the computer to be processed using SPSS.
This process will be completgp by early December and the analyses
will be done in January. )

This will provide actual data on inttial anxiety levels in

various disciplines and will include analysis of scores for males

and females and choice of academic major. It is "base line data.®

¢
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Session B-17

INVESTICATION OF PRLINTRY PLANETARIUM ACTIVITIES:
ADVANCE ORGANIZERS VERSUS PLGHNEMONIC DCVICES

.

. Thomas W. Giles .
Hempt ield Afea School Disstrict - Planetarium
R.D. &, Box 77
v Greensburqg, PA 156(Q1

Paul L. bell
Pennsylvania State University
University Park, PA 16882

)

ABSTRACT

The purpose of this study was to compare the effects of
advance organizers and mnemonic instruction in lessons presented
¢t a planetaryum. The comparisons of treatments were made at
three student achievement levels 1n order to compare jnteraction
ceffects.

The study examined effects o. the mediators on learning in =
.the planetarium classroom. A related question posed by the study
asked 1f preentry instruttion increases effectiveness of the
plar-tarium iastruction.

The scheme of the {nvestigation was & nonrandomized posttest
design with tenth grade studeuts in an intact school system as
subjects of the study.

Nine cluss sections including 233 students partcicipated in
the study. Three class sections were randomly assigned to each
treatment with one cldass section from each achievement level
rece{¥an each treatment. The control groups were not involved in
any preentry planetarium lessons. The other treatment groups
incldded groups instructed through advance orqganizers before the

anetasium instruction and groups instructed in the use of
mnemonic device use before the planetarium instruction,
keliability was examined in the posttest through the Spearman
Brewn formula and the items were compared through use of the split
halves formula, A committee of Earth Science instructors in the
school system exanined the validity of the instrumeat.

The analysis of variance conducted on the posttest scores
indicated significant results at the ,.g5 level in the case of
advanue organizer treatment groups. The Scheffe formula was used
for turther comparisons of the data. The Duncan method also
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indicated significant effectiveness of advance organizers upon the
effectiveness of the instru:tion,

The macmonie strateqy nstruction was found to significantly
improte learring performance of the MR classes who were the
lowest level of student achievers in the study. Perhaps this
indicates that a wajority o students build their own mnemonic
strateyices, ’

The 1nvestigation produced data that indicated that preentry

activities do bave signilicant positive effects on planetarium
lessouns, - R
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THL EFFUCTS OI' PRODLEM FORMAT, NUMBER OF INDEPENDENT VARIABLES,
AND THEIR INTERACTION ON STUDLNT PERFORMANCE ON A CONTROL
O VARIABLES REASONING PROBLLHM

John R. Staver
University of 1llinois at Chicago
College of Education
Box 4348
Chicago, II. 69688

ABSTRACT

o

This study was designed to investiyate the effects of problem
format and the number of variables in the problem on the responses
of students to a ¢ontrol of variables reasoning task. The Bending
Rods problem was used., A 4 X 2 facturial research design with
tour levels of the number of variables and two formats (essay and
multiple choice) was set up for the investigation, Five hundred
forty-eight erghth graders in 24 science classes in a suburban
public school district porthwest of Chicago participated in the
Study. Students were odministered the Bending Rods problem in

- 9roups an thelr science classes. Fach classroom was randomly

assigned to a cell in the research design, Initial analysis
ifndicated that four levels of the number of variuoies in the
problen should be pooled to two levels. This was accomplished by
combining the level on euch extreme with :ts adjacent level,
Analysis of variance indicated that: 1) task format had no effect
on subject's scores; 2) the 2-, 3- variable forms together were
significantly less difficult for s*tudents than were the 4-, S-
variable torms together; and 3) (ne differences between subjects!'
medn scores on the -, 3- vari -ie essay versions and the 4, 5-
variable e¢ssay versions are ¢! "nificantly greater than the mean
scores of corresponding mtitip.e choice versions of the task,
which exhibit rather uniform, intermediate scores. Discussion
focuses on 1nterpretations that include: 1) task demands on
working memory; 2) Pascual-Leone's M~-enerqy; and 3) the use of
synthesi1s and exclusion strategices in solving essay and multiple
choijce tasks, respectively, Implications for science teachers are
set forth in view of these discussion points and their relevance
to test construction and classroom assessnent of learning
objectives 1n science.
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THE ROLT OF PRACTICE IN INVENTING THE .RULE
FOR SOLVING LOGICAL SYLLOGISNS

Dorothy A. Petrushka
somerset County College
P. 0. Box 3304
Somerville, NJ @B887¢

>

ABSTRACT o

Scivncve educators have recognjzed that some degree of logical
feasoning 1s required for success in science. To be able to ¢
predict success in science subjects, students have been evaluated
for their logical abilities by various tasks, one of which ig the
logical syllogism. The results of these investigations have led
the investigators to conclude that most science students are
illogical., The evaluating instruments-were constructed with
symbols (e.g., size and shape) in order to follow the
'hypothetical-mathematical® model of Piaget. More recent studies .
nave demonstrated that success with the syllogisms is appreciably
greater when the subject matter is familiar, and that skills
demonstrated on these tasks are transferable to other contexts,
also familiar 1n content. These studies also suqgested that come
degree of generalizability can be expected ¢o occur, and {ndeed
was realized by an increase in proficiency with the
symbolig-content conditional syllogism. ‘

Based on the results of these investigations, an experiment
was conducted to see whether practice can enhance the
transferability of skills from familiar-content tasks to symbolic
content tasks for both the conditional {if, then) and the
inciustive disjunction {or, or both) connectives. Symbolic-content
tasks were administered just after the beginning of the semester,
and near the .end of the semester., Familiar-content tasks were

admintstered just after the beginning of the semester, at

micd-semester, and again near the end of the semester. Subjects
were students enrclled in an introductory biology course for
non-science majors. Subjects received no feedback regarding their
success on the tasks, nor were they furnished with the appropriate
answers., Therefore, any improvement in proficiency would be due
to a direct transfer of skills. The results were dramatic. There
was a definite significant improvement in proficiency with
symbolic-vontent tasks for both operators. In fact for the
conuitional syllugism, there was virtually no difference in
proficiency between familiar-content and symbolic content on the
final set of tests., Some difference still exists for the
inclusive disjunction syllogism due to type of content. However,
the increase in success between the pre- and posttests indicate
that a highly significant increase in proficiency occurred. This
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experiment dramaticually denonstrates that even minimal practice
with tamaliar-content ayllogis can lead subjects to invent the
tules necessary tor solving vy solic=-content syllogisms.

The implications for science education are tremendous. If we
consider lugical aptitude a requirement for success . In science,
then we are bound to encourage the development of these skills if
we want our students to be successtul. By incotporating everyday
sttudtions or subject matter 1ntd” logical problems, and by
providing these materials for practice, cventually we could expect
the development of logicdl thought of the kind necessary to
screntific 1aquiry. .

f
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A STUDY OF DIFFLRENTIAL PROBLEM-SQLVING EEHAVIORS
IN PROCESSING A SCIENCE TE T PASSAGEC

L

Marianne [. Betkouski
University of North Plorida
Collaege of nducation and Human Services
Division of Curriculum and Instruction
-Jacksonville, FIL 32216

. Sandra Rirk-ticbonald
University of North rlorida
College ot Nducation and fluman Services
Division of Curriculum and Instruction
Jacksonville, L 32216

ABSTRACT

Thie study gathered protocol data related to how students
process infourmation obtained by reading a passage related t»
inertial reference frames. Two groups of tenth grade students,
one of which consisted of students identified as potential
National Merit Scholars, and another which consisted of students
who were onrolled in Biology 1 in a large, middle SES high scheel
read a science text passage and then answered a set of six
questions requiring that they apply the new material in novel
situations. Raw and weighted test score data and reading times
were compared, and as expected, the academically talented students
achieved higher raw and weighted scores; their reading times were
also longer, The focus of the study, however, was the analysis
of the tape recorded interview data about how they processed each
guestion. Interviews were conducted by the investigators in
ane=on-one situations, and verbatim transcripts of the intrrviews
were made.  Test guestions were specifically designed to reveal
problem sulving strategies. The academically talented students
were nore verbal, more methodical in comparing guestions to the
passaye, and more likely to relate questions or parts of the text
to theilr own past oxperiences. The average students often looked
tor a literal match between the guestions and the text, and were
much pore likely to answer questions based on previously held
“naive theories,® which sometimes were in direct conflict with the
text ‘material.  The results of the study suggest that caution is
needed 1n assuming that stuconts will learn effectively from text
presentations of new concepts,
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FACTORS RELATFD TO DECISION-MAKING

Phillip A. leath:
Thg Ohio State University
" Columbus, O 3218

Atthur L, White
»The Ohlu State University
Columbus, OIf 4321¢

Donna F. Berlin '
The Ohio State University
Columbus, OH 432190

John Park
The Ohio State University
Columbus, OH 43219

ABSTRACT

Decision-raking 1s very similar 'roblem solving in reqgards
to the mental skills involved. Decis...-making involves valucs
and e¢thical considerations that problem solving situations may or-
may nut 1aclude, Little attention is paid to curciculum
developnent or instructional procedures for tesching
decision-making skills to c¢hildren.

The dJdecision-making process can be broken down into a series
of processes. .They include the identification of the problem, the-
generation of alternative soiutions, the recognition of the
cansequences of the alternatives and the selection of a solution
frum the alternatives.

It 13 suggested that there s a strong and direct
relationship betweeen the number of alternatives a child can
generate and the quality of the decision. Therefore, the
component of the decision-making process selected for this
research is the ability of children to generate a variety of
alternative solutions in a decision-making situation. Afte:r the
critical factors of the environment related to this skill are
tdentified, then future efforts will be focused on the factors
related to the gquality of the decision made.

.
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R TUACHLES ' PLRCEMTIONS OF MAINSTREAMING IN AM INQUIRY
ORIENTED ELELENTARY SCIENCE PROGRAM

Ronald K. Atwood
University of Kentucky
112 Tmoylor Lducation Building
- Lexington, KY 40506-g017

Ben R. Oldham
Fayette County Schools
701 Fast NHain Stfeet
Lexington, KY 405@2

ABSTRACT
. . /

In vrder to obtain elementary classroon teachers's views on
the effectiveness with which handicapped children can be
integrated 1nto the regular classroom” for activity centered
seience, a survey was conducted in a school district using the
Stience Curriculun Iinproveaent Study {SCIS). The following
questions were addressed through the survey of the sCiIs teachers:

1. Relative to other subject areas, how do teachers rank
s€ience on the ease with which handicapped students can
be effectively integrated for instruction?

' 2. Coumpared to « her subject areas, what do teachers view
= as the greates advantages and disadvantaqes of
mainstreaming g, clementary science?

3, What are the teachers' views of how handicapped and
non~handicapped students feel about elementary science?

4. What are the teachers' views about teaching science to
both handicapped and non-handicapped children and about
teaching handicapped children generally?

The sample was obtained by sending a survey instrument to an
accessible popuidt}on of second, fourth, and Sixth grade SCIs
teachers in a metrogolitan school district in Kentucky. Of the
269 teachers receiving the ingtrument, 146, or 54%, returned a
usable set of fesponses, Results indicated a strong preference
for scivnce over the other subject areas ranked. The flexible
activity orientation of the SCIS program seemed central to the
perceived advantages, while the lunquage skill requirements and
the difficulty in concepts and terminology were the major
disadvantages identified. The feelings of adequacy for teaching

' handicapped children were Judged to be less desirable tian the
positive feelings with which the task is approasched. While the
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results of the survey cannot L€ generalized to elementary level
science generally, or even to the national sample of SCIS
teachers, the findings do suygest that SCIS can work well for
handicapped children. Because of the potential benefits of
ccience for the handicapped, replication of the survey in school
Lystems using SCIS and other science programs secems warranted and
13 recounnended,
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A COMPARISON OF TiE REASONING ABILITY OF
CIFTLD ARD MAINSTREA!NLCD STUDENTS

Michael Piburn
Wesstminster College of Salt Lake City
184¢ S. 1340 F,

S5alt Lake City, ur 84105

Morris Enyeart
tioodbridge Board of Cducation
Voodbridge, NJ 079095

ABSTRACT

A sam;le of 217 students from an elementary schoel Cifted and
Talented program with an emphasis on science pere compared to a -
qroup of older mainstreamed students, and fouhd to be accelerated
by two to three ¢grade levels, )

fleasuree used i1n this assessment were a battery of Piagetian
tasks {controlling variables, combinations and probability), a
maasure ot propusitional reasoning ability (Propositional
Reasoning Test) and a variation of the four-card hypothesis
testing task. The ditferential success of the G&T students over
the conparison group suggests that they are truly gifted in regard
to very hasic reasoning skills, .

The criteria for inclusion in such progyrams vary from case to
case, dand are rarely well detined., Standardized aptitude tests
may Le appropriate for an academically oriented dcceleration
program, but probably are not for local pullout enrichment
programs. A more qgeneral battery of reasoning tasks, such as
those ‘used 1n this study, should be included in the selection of
students for such G&T progranms. '
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TEACHING SCICNCE TO GIFTED CHILDREN:
THE HODEL AND THE MESSAGE

Lila F. Volfe
McCill, University
3708 ticTavish Street
Montreal, Quebec, Canada H3A 1Y2

. ADSTRACT

This paper is concerned with the kind of messages about
science conveyed to 23 young gifted children during the .
utilization of a particular teaching podel. TFive science lessons
were analyzed by upplying a newly developed scheme to the
classroom interactions~-both discourse and science activities.

The scheme enables one to identify three views about science: two
polar views of sensationalism and formalism, and a rational,
balanced via media view. The clues of the scheme also reveal how
 these views are being conveyed to the pupils, The pedaqgogy in
this gifted class involved the application, by a “"master" teacher,
of the Calvin Taylor HMultiple Talent Appioach--a teaching model
which focuses on developing six talent areas- in order to enhance
the inquiry skills of gifted and talented children. The talent
areas include creativity and decision-making talents, planning and
forecasting talents, communication talent and thinking ability.

Recognizing that gifted children have more general knowledge
and more varied experiences than pupils not so identified, it was
hypothesized that application of the Taylor model would facilitate
the children's acquisition of a via media view about science.

This was not borne out. Analysis revealed that only two of the
six inquiry skills were being developed during the lessons and in
such a way as to convey a sensationalist view of science more
often than a via media view. The results of this study could have
important implications for teaching science to gifted children and
for planning and implementing new science curricula in these
classes,
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STUDENT CONCLPTIONS OF NATURAL SFELLCCTION
AND ITS ROLE IN EVOLUTION

Beth A. Bishop
} Michigan State Universtiy
100 torth Kedzie Hall
- Bast Lansing, MI 48824-1034

Char les V. Anderson
‘HMichigan State University
Departipent of Teacher Eddcation
Ilast Lansing, MI 48B24-1034

ABSTRACT
1 4

Students in a college non-majors’ biology course were given
pretests and posttects designed to assess their conceptions of
natural selection and i1ts role in the evolutionary process.
Studimtw were also.asked whether they believed the theory of
evolutiun be true, and they were asked to describa previous
coursework biology.

1

—

qis of test results revealed three important respects
students had misconceptions about the process of
ion:

‘ Analy
incwhich mos
natural seled

. 1. Cridun and survival of pew traits in populations.
Biolugists recoypize that two distinct processes, fundamentally
different in caulde and effect, affect traits exhibited by
populations. liew\traits originate due to random chdnges in
genetic material, then survive or disappear due to selection by
environmental factors. In contrast, students generally recognized
only a single global change process, attributing changes in
species characteristics to necessity (a trait was needed for
survival), to usc or disuse of orgens, or to adaptation by
individuals. In general, students made no distinction between
mechanisms leading to the appearance of a trait and mechanisms
leading to i1ts survival within a population.

2. The role of variation within a populatio,. Biologists
recognize that populations evolve because some indiviwucal members
of a population possess a reproductive advantage over other
individual members. [ost students, however, saw evolution as a
.process that molds or shapes the species as a whole.
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Jo Dvelution as toe Chanqan proportion of individuals
witls dincrete trart,, Lieciugists recognize that new traits arise
thiough discrete chanye . 1nrelvinyg 1ndividual organisms.” Those
traits then gradually become established 1n a population,
Students, however, attributed this gradual or proyressive quality
to c¢hunges 1n the traits themselves, describing the®traits as
slowly 1mproving or detegiorating from one generation to the next.

Pretests indicated that virtually none of the students
understood,any of the three Key conceptions described above at the
beginning ot the course. This was true even though 88% of the
students had taken at least one year of biclogy before beginning
the course, and 37% hod taken two or more years., There was no
telationship Letween pretest perfermance and previous bivlogy
Courseworh, These results indicate that most presently used
wethods for teaching about natural selection are ineffective four
this population. 2

Student perfornance was improved Ly the end of the course,
which included special activities designed to help students
overcome thuelr misconceptions The three biological conceptions
deuwcribea atiove were UHU&EhtOUd by 53%, 57% and 63% of the
students, 1espectively,

The course did not substantially alter student beliefs
about the truthfulness of cvolution. Fifty-three percent of the
students taking the pretest believed the theory of evolution to be
true, 123 false, and 37% were undecided, Posttest percentages
were similar {59% true, 18% false, 24% undecided), There was no
relationship between student understanding of natural selection
and belietfs about the truthfulness of evolution, and an improved
understanding of natural selection did nut generally lead to
increased acceptance of evulutionary theory. Student beliefs
about the truthtulness of evolution (both positive and negative)
generally seem to be based more on religious or metaphysical
commitments than on an analysi1s of scientific evidence.
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PHILOSOPHICAL KRESEANRCH ON THE PROBLEN OF THR
UNLEARNING OF INCORRECT SCIENCLE CONCIPTS

J. Preston Prather
University of Georgia
Department of Sciunce Lducation
Athens, GA 30602

AUSTRACT

W

Philosophical research methods were applied to the problem
of unlearning incorrect science concepts to clarify basic
questions for which other forms of research may be indicated,
Research on children's thinking about science has indicated that
studer t5° do hot enter their first science studies iqnorant of
sciface, Rather, they may hold quite sophisticated and
swdyinative ideas about science. Those based on sound scientific
information constitute a basis for further bcxence education.
Those hased on intuitive misconceptions, naive. infere onces,
incorrect logic, and so forth may be inadequate, incorrect, or
otherwise unacceptable. Research has further indicated that,
because such misconceptions may be based on puijosive thought,
meamingful experiences, or authoritative non-scince sources
students may hold on to certain misconceptions despite subsequent
science xnb{ruchon. Assuming that the retention of such prior
notions precludes subsequent learning of "correct” science
canceptb, 1t is dn the interest of science education to help
students unlearn and replace them,

The purpose of this research was to generate 1deas about
ways science teachers might help students recognize and unlearn
crroneovus notions and replacthem with sound new science concepts
without lessening students' intellectual self-confjdence or
otherwise alienating their receptivitiy to new science learning.
Piaget's constructivist theory of cognition and Ausubel's theory
of meaningful learning were accepted as credible bases for
philosophical speculation about ways science teachers may create
sufficient cognitive disscnance to help students recognize and
replace erroneous notions of science with meaningful new
knowledge.

science students revealed an appatrent similarity with certain
outdated sciencc concepts. A review of research in the history of
ancient, medieval,  and modern science confirmed several once valid
but now outdated or rejected scientific concepts~-some of
Aristotle's anc Calilec's ideas about motion, for

Philosophical analysxs oiJfommon misconceptions among
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DIAGHOSTIC TESTS TO LVALUATE STUDRRTS!
HISCONCEPTIONS IN SCIRNCL

Davad FP. Treaqust
Vestern Australian Institute of Technology
Kent Street
nentley, Western-australia 6l42
AUSTRALIA & -

»

ALSTRACT

a

Since the beginnipg ot the decade, there has been a growing
nterest oo ostudents' masconceptions' in science. The usual weans
for obtuining anformation abou t student misconceptions has been
through ipdividual studdent in erviews on specific science topics
usning o variety ot formats. Une pertinent crititism of this means
of collecting intormation 1s its lack of direct Gtility to the
Clavsroum teacheoer ., . ’

One way to moure easily identify mis ceptions of a group
ot wtudents taught by o teacher 1s to use a Pencil and paper
multiple cholce drognostye test which has items specifically
designed to adentify condeptual misconceptions and
ricdnderstandings,  Thius paper describes the development of such
diraguostic tests and illustrates their use in tdeuntifying
misconcepltons an the students' understanding of the chemistry
tagpic, covalent bonding, and the biclogqy topics, photosynthesis
and respiration.,
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VALIDITY CONSIDLEATIONS 1'OK THE STULY OF FORDAL
REASONING ALILITY AND INTUGHATED
SCIUNCE PROCLSS SKILLS

tilliam 1. BDaird
‘he University ot Texas at Austin
Science Dducation Center
DG 340
Huscoin, TX 78712

f- -
~

Gaty D. Borich
The Universaity of Texas at Austin
Departrent of Dducational Psychology
Austin, TX 78712

. ABSTRACT )

"

Becently o number of studies have reported a high
couttelation between the supposedly separate traits described as
1nteqraten Loilence process skills and formal reasuning ability.
The wmplication bas been that thesc two constructs are different
Lut related. Implications have been made that a treatment to
enhuate one trait miyht 1ntluence the other as a result of some ¥
Cdause-c.rect relationship,

It would seem reasonable tu consider whether these
constructs are sepatate traxts, or perhaps manifestations of some
third trait such as general intellect. Research directions would
be alters 1 Ly this fanding. ‘

This study neasured these two attributes using different
tnstruments 1n order to assess their discriminant and convergent
validity, Results indicated that the two traits share more
vdariance, than expected, and that they may not comprise distinctly
difterent traits,
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THL LFFECTS O TEACHINC LOGICAL REASONING
UPON “STUDENTS ' CRITICAL THINKING
AlUD SCIENCE ACHILDVENINT

liinda V. Crow
fiouston Commumity College System
22 vlaugh ULrive
louston, TE 770607

Sue A. laws
Houston Community College System
22 vlaugh Draive
louston, TX 77447

ABSTRALCT

ne of the goals of science education has been to develop
vetentitically literate and concerned individuals with a high
cumpetence for rational thought and action. Science by its very
nature 1w a lugical discipline that requires certain rational
thinking skills tou solve problens,

In a rapidly chanying society and scientific society, it is
essential for individuals to think rationally and critically. The
educational environment is the logical place to foster the
develoupment of rational and critical thought in science, and
particularly 1n geology. Currently the educational system does
not provide a speci1fic program in geology desiqred to assist
student growth 1n tational and critical thought. In order to
develop wueh a program, a determination must firs? be made of the
appropriete intellectual tool, namely logic, to be integrated
directly into a course of geological study. Further a determina-
tion must aluo be made of the appropriate methodologies/strategies
needed to assist teachers 1n actualizing this growth in their
stiudents,

This study explores the development of a geological course
based on rational and critical thinking. The course incorporates
logice 1nto a geoulogy course designed for nonscilence majors.  This
study anwesues 1ts usetulness in not only increasing achievement
in grology but also increasing critical thinking.

The data were analyzed using a multivariate analysis of
couvarliance (IANCOVA). The results, including post hoc conclusions
and implications, will be discussed during the presentation,
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THE UEVELOPLLNT OF STUDLNTS' LOGICAL THINRING
ABILITIDS IN A PHILIPPINL SECONDARY SCHOOL - )

’

Joseph P, Niley II
University of Ceorgia
Departnent of Science Nducation
Athens, GA 30602

Laureana G. Chuapoco
Ha:zkxna Jdnstitute of Science and Technouloagy
ttanila, Philippines

ABSTRACT

The purpose of this investigation was to measure the
duvelopent ot Filipino secondary school students' logical
thinking abilities and to determine if this development was
similar tor bath males and females across all four years of
schuvling.  The avatlable population consisted of secondary school
students ot the flarikica Iastitute of Science and Technology in
ftarikina, fivtto lanila, Philippines. Fifty students were randomly
sanpled from each of the four years of high school and
administered the Group Assessment of Logical Thinking (GALT).
Preliminary descriptive analysis shows an overall trend ot
tncredsting logical thinking ability from the first through fourth
year . fiales scored higher than females at all -rade ;evela, with
the range between group means increasing with each successive year
of hiyh school. CGCender differences were not evident on cach item
at each grade level, For example, on an item measvring
conbinatorial logic, differences between groups in the second year
of high school did not show up 1n the comparisons between groups
in the fourth veo:. These results correspond with findings of
simllar studies conducted in the United States and have
implacations for tioth Ame- an and Philippine science educators.

. 183

) ' %
e 183

Aruitoxt provided by Eic:



Senuviun C-}

HRITING AS A PROCESS IN- R UNIVERSTJY

S PHYVICAL SCITHCD CLASS

Paul B, Otto
University of South Dakota
1¢6 Delzell
Vermillion, 8D 57¢69

ABSTRACT

Writing an general us purportad to be an all-ipportant,

fost neylected area 1o education, esocecially 1n the areva of
)

E

teaching wcience.  several recognized authorities in the field of
wiiting advocate that writing be taught in all of the disciplines
as well as Loglish. The tecaching ot writing as "a process® rather
than o "product® is also being suygested by writing authorities
and tunoed projects, ’ .

Thio wtudy was conducted to dgetermine the effect of writing
as o "process” rather than a "product” on the writing competency
of ctudents tn g untversity Physical Science for Flementary’
Teachers Clunn, ) pretest/posttest/Control Croup design was
teplemented.,
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FACTORS AFFLCTING THE PLESISTLNCL OF
WOMEN UNIVERSITY STUDLNTS IN
SCIENCE AND TOCHNOLOGY

Constance €. llolden o
Langour Community College of the
University of Nhaine at Orono
" Lastport Hall
Bangor, NIL #4401

Ann K. Schonberger
Bangour Community College of the
Uriversity of laine at Orono
Bastport Jlall
Eangor, ME 04401

AUSTRACT

The purposes of this study, carried out at the main campus
of o landgrant university in the northeast, werce twofold. One was
to Study sates of persistenve of undergraduate women students
majuring in sCience and technolegy compared to that of men in the
same fields over a two-year period., Students participating were
sophumores of seniors in two-year or four-year programs ranging
from male~douninated fields like Fnginecering Physics to majors such
as Foud and Nutrition which are taken mostly by women. The second
purpose wus to explore factors asscociated with persistence (or
lack of 1t} {n these fields, c¢specially those factors which can %e
Infl enced by the undergraduate environment. Three areas of
dssoclated factors were chosen because they seemed intrinsically
related to success in science and technology and because -

" gender-reldated differences had been observed in previous research:
mathematical pe.formance, social support, and esperience with
maching and tools. )

Some of the data were obtdined from the registrar’'s office;
college, sex, GPA, date of btirth, carned credits, SATIl, SATV, math
and physi~3 courses taken and gqrades received. The rest of the
data were gathered by & three-part questionnaire assessing
experience with common mechanical tasks and social support two to
three semesters earlier anw at the time the questionnaire was
distributed., Over 600. questionnaires were mailed out and 366
usable ferms were returned !(62%).,

Analysis of the data revesled that three groups of
nonpersisters exasted:
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1. otudents who transferred out of science majors,

Z. students who transterred into science najors
from nonscience majurs, and

1. students who switched from one science major
to ancther.

Althouyh the persistence rates were similar for males and females
the type ol traasfer mode differed, lales were nore apt to
transter out of science, while females transferred from one
sCience to anothetr or into science.

Becaune of the swall numbers of male and female
nonpersinters in cach categoty, the types of cstatistiqel analyses
were limated, cand most were done througyh a Chi-square analysis
leading to the tollowing conclusions

1. tiale nunpersisters had pouorer academic records than had
the female nonpuersisters as evidenced Ly GFA, math and physics
Grades.

2. Tlercueptions of social support Ly the academic staff
dittered tor woimen dnd men as well as persisters and
nonpersisters,  There is even an andicatlion that social support is
more important for woumen than four men in their persistence 1n what
are nontraditional majors for women,

3. Yhe tesults  f the mechanical experience gquestionnaire,
while inconclusive, proved interesting, There was a tremendous
gender-related difference, bup this did not appear to affect
either academic performance as evidenced by course grades or
porsistence.

The results of the study would indicate that persistence
rates for women 10 sclence and techpology might be enhanced by
improving the academic clhimate for women. Recruiting more women
faculty in science and technolugy should be a hich priority for
this umiversity, lore inportantly, emphasis should also be placed
on sensitiZzing exinting academic staff to the (perhaps qgreater)
needs of women students for social support.
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THD LDITECTS OF KIKCTIC STRUCTURE AND NICROGRAPH
COWTONT ON ACHILVENENT IN READING MICROGRAPHS
EY COLLEGE LIOLOGY STUDLCNTS

Virginia Abbott Johnson ,
Towson State University : o
Biclogy Department
Towson, D 21204 )

J. Davig lockard
Science Teacher Center 8

~. University of Maryland _ @«

College Park, ND 2p742
ABSTRACT

The e¢ffects of kinetic structure and micrograph content on
. ostudent achicevenent of reading micrograph skills were examined,
One hundred introductory college biology students at an eastern
state university participated in the study that examined both
knowledge acquisition (short-term learning) and krowledg:
retention (long=term learning) .

N Kinet:ic structure, defined by n, Roger Anderson as the
serial order .in whidh subiect matter is presented and the
relatedness of contiquous discourse units i1n verbal communication,
was one independent variable. Students were randomly assigned to
one of two treatment groups: low Kinetic structure ©Or high
kipetic structure. The low Finetic structure group listened to an
audiutape with B' average value of .20 in the audiovisual tape
portion ot the instruction, The high kinetic structure group
listened to an audiotape with an average Bl value of .45 in the
audiovisual tape portion of the instruction.

flicrograph content was the other independent variable.
Students were randomly assigyned to one of two treatment groups:
varied micrograph conteént or unified micrograph content. The
varied micrograph .content group used micrographs of Tetrahymena,
Euplotes, Paramecium, Stentor,.and Blepharisma ¢ - ‘ng the pra-tice
sexsions of the Instruction. The unified microg..ph content group
used micrographs of Tetrahymrena only duripg the practice sessions
of the instruction.

The students received three instructional un.ts: Reading
Light Micrographs, Reading Transmission LClectron Micrographs, and
Reading Scanning Flectron Micrographs., Each instructional unit
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Ccunsiuted ot an audiovisual pue portion and @ micrograph practice
HEeBLLION An uchlwvvmunf‘?&z& was administercd 48 hours after the
last xn5§ructxunul un1t to 3t hnowledge acguisition. The same
test was administered three or more wecks ofter the i1nstructional
wnit to test knowledge retention.,

The achievement measure was divided into two tests that
identifled the two dependent variables: understanding general
Concepts achiievenent, Test G, and reading micrographs achievement,
Test I, A repeated measures analysis on variance (1IANOVA) was
perforaed on the data, :

At an alpha of .05, the effect of Kinetic structure on
student achievenent of understanding qeneral concepts related to
reading micrographs, Test G, was significant. Time betwecen )
testing, micrograph content, and the interaction between kinetic
structure and micrograph content were not sighificant., Studonts
receiving high kinetic structure in the audiotape of the ,
qudiovisugl portion of the instruction demonstrated a greatér
nastery of general concepts aboyt reading micragraphs than
stndents receiving the low kKinetic structure audiotape in the
dua.ovisual portion of the instruction.

At an alpha of .05, the effectys of mic. wgraph content and
time between testing on reading micrographs achievement were
stgnifieant, Fineticsstructure and the interaction of micrograph

ccontent and kinetic structure were not., Students receiving

unifred pictograph content in the practice sessions. of the
insntruction demonstrated a saignificantly greater mastery of
reading picrographs than did students receiving varied micrograph
content an the practice sessions of the instruction., Time between
testing was a significant factor; the gyrand mean for reading
mcroyraphs, Test R, was 47.65 for the knowledge acgyuilsition test
anct 431,62 for the knowledge retention test, An examination of the
cell neans revealed g comparable less of knowledge over time in
each ot the tour treatment groups.
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= CHANGLS IN TEACHLIIRS ' ACHIEVLOMELT IN SCICHCE
ALD ATTITUDE TOWARD TEACHING SCIDNCC DUR
TO NATCHING AND MISMATCHING SCIENCE
ACTIVITIES WITH -LEARNING STYLES

7

Catherine R. Conwell
The University of Nurth Carolina at Charlotte
Charlotte, NC 28223 n

Stanley L. Helgeson
Tne Ohio State University
Colunbus, CH 43210

ALSTRACT

The purpose of this rescarch was to examine the effects on
achievement and attitude of the interaction between specific types
of leatners as ass®Csaed by The Myers=Briggs Type Indicator (!BTI)
and sclence learning activities designed “o correspont to MBTI v
types, .
A simplified model of the !IBTI with ‘our types was used:
sensing=feeling (SF), sensing-thinking (S7) intuitive-feeling
(N[} and 1ntuitive-thinking (NT). Of the © elementary teachers
who participated 1n this study, L6 were SF .:arners whilg the
temaining 40 were pon-SF types (ST, NT and Nf types) .,

, since the majority of teachers were of the SF type, the
stience activities that were .atched to the te.chers' type
¢xhibited 5F qualities. On the other hand, the science activities
that were mismatched to the tcachers' type had characteristics of
the NT type. A validation Committee rated each activity according
to the degree the activity exhibited "SFness™ and "NTness."

Fifty-three teachers used the activities matched to the SF
type, while 43 teaciiers used the activities mismatched to the QE_
type, -

All pafticipants took the following tests:

l. !yers-Briggs Type Indicator (MBTI),

2. Science Knowledge Pretest and Posttest {SKT) «-

3. Attitudes Toward Science and Science Teaching
* Pretesc and Posttest (ATSST).

1€8
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4. Attitudes Toward learning Activities {ATLA) s
Tolluwing vach activity,

Hh multivatriate analysis of varlance {HANOVA) was tun on the
data and no significant differences between trecatpent groups an
the SKRT and the ATSSET were found.

Iven though univariate analysis of variance on the ATLA did
not reveal sagniticant differences for SF and non-8F types
internal analyses were done on individual activities with Duncan's
post hoc test. The results showed that the activities that were
rated us being well natcheéd to the ST type by the validation
“Committee recerved significantly nore positive ratings by SI' types
than by non-ST types, Likewise, if activities were rated as
extiemely mismatched to the SI' type then they recceived
sigrnificantly less positive ratings by SI' types than by nop-~SF
types. It would appear that a person's attitude toward a learning
dCtivity can be icproved by designing learning activities which
s are well matched to a student's type,
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TEACHER MANAGLMENT AND STUDDHT ENGAGENMENT .
IN HIGH SCHOOL SCIENCE ¢

James J. CGallagher
fHiichigan State University
327 Crickson §all
Cast Lansing, NI 48824-1034

Nenneth Tobin S
Science and llathematics Cducation Center
bestern Australian Institute of Technology
Bentley, WA 06102

DUSTRACY

The paper describes a study conducted i1n science classes
trom yrades 8 to 12 in two hiigh schools in the metronclitan area
of Perth, western Australia. The purpose of the study was to
investigate wcience teachers' roles in managing student discipline
aind 1n promoting and muintaining a productive learning .
environment. The three types of intact classes were involved in
the study: unstreamed grade 8 classes, streamed classes in grades
9 and 10 formed on the basis of science ability, and classes that
comprised students who had elected to study additional science in
grades 11 and 12. Cach of the 15 teachars involved in the study
was observed on several occasions with at least three classes from
two Oor more of the above categories. ’ ‘

Broudly speaking, teachers managed the pace and type of
activities and the type of student engagement to ensure that the
planned work was completed. As a conseguence, teachers taught in
a whole ¢lass interactive moge for a significant proportion of the
time and tended to interact with a limited set of "target"

© students.  Thus, most students were not overtly engaged. There
was also g tendency for tedchers and students to adopt strategies
that resulted in & reduction in the cognitive demands of the
academic work. These observed strategies were consistent with the
overall hypothesis that the focus for science instruction was on
completing the academic work {covering subject matter content)
rather than on teaching and learning sciknce. The paper also
discusses management of laboratory activities and activities that
tnvolved students in an individualized form of engagement.

i
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¢ MEASURING THL CFPECT OF INCUIRY SCIENCE INSERVICE EDHCA4 IO
ON PARTICIPANT TLACHING METHODOLOSY AKD ON KNCWLELGCE
CRCANIZATION AND COGNITIVE PERFOWMANCE LEVLL CF
LLENMENTARY SCHOOL STULCNTS

Suzanne Bryan lieard
The University, of Oklahuma
Physical Science Center
Norman, OLK 73069

o

Ldmund A, llarek
~e lUniversity of Oklahoma
'vaxcal scvience Center
L Hormam, ChL 73069

DSTRACT

‘Hesearch has helped to identify the fundamental skills that
should be developed in an inguiry stience program: observing,
describing, cosparing, classifying, using numbers, measuring,
interpreting cvidence, inferring, predicting, and experimenting.
An NSV -sponsovred inservice workshop was designed to help

clementary school teachers develop these skills. : "

"

‘Participating teachers were instructed in the learniug
theories of Piaget anu the developmentsl levels of their students.
The workshop provided the teachers with experiences to help them
deve.op clasaroom envirornments conducive to implementation of an
1cjulry scienge program. A teaching procedure, the "learning
cycle,” actively involved them in experimentation, discussion of
scientific protesses, and scientific record keeping and data
analysis. The workshop experiences also prepared the teachers to
match their teaching procedures with the level of intellectual
development of their students.

The workshop participants were matched with a control group
of teachers who utilized the exposition method (reading and
memorizing science concepts) when teaching science. A pretest-
posttest design was used to measure the effects of the inservice
workshop on participant teaching methodoleoqgy and ultimately on vthe
knowledge organjzation and cognitive pé&rformance level of their
elementary school students., The students were interviewed
utilizing three Piagetian task:r {liquid, length, and weight) and
six objects (a magnet, a cotton ball, a marble, a seashell, a
wooden square and triangle, and three bars of differing materials)

il

which they were to describe. Comparisons between the experinental -

and cuntrol groups were made noting the usage of proprrty words,
orgamization of information or knowledge, and willingness to talk,

it
"
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S : The nature of this research involves a thorough analysis of
both the classroom environsent and the studen® interviews. For
these reasons, an anthropelogical spprosch will be used for data
analysis. The data coliection will be completed May, 1985.
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RCLATIONSIIIPS LETWEEN FORMAL-QPERATIONAL THOUGHT .
AND CONCEPTUAL DIFFICULTICS IN GENETICS
PRODBLEN SOLVING

Michael Gipson
OKklahoma Christian Colleye
Route 1, BDox 141
Oklahoma City, OK 73111

Michael R. Abrahom
University of Oklahoms
Department of Chemisrry
"  Nornan, OK 73919

ABSTRACT

o

Sevénty-one college general bioclogy students were taught a
unit in lendelian qenetics by the traditionsl lecture method.
Emphasis was placed on meiotic formation of gametes, the Law of
pominance, the Law of Seqregatiun, and the .Law of Independent .
Assortment. The Punnett square model was uscd for all practice
probivms. To build Punnett squares, students were required to
identify the gamete typoes that could be produced by parent
organisns: they were then asked to identify phenotype and genotype
ratios from the resulting zygotic combinations. Estimations of
the probability for gamete formations’or zygote combinations were
also required in practice problems. A unit test was followed,
eight weeks later, with a content valigated post—test to evaluate’
the students' retention of-problem~-solving skills.- Both tests
requirsd students tO use proportional reasoning (identifying
ratios from the Punnett squares), combinatorial reasoning
(identifying combinations of gametes from parental genotypesiq and
probabilistic reasoning (estimating gamete or offspring
probabilities). Each of the severity~dne students was also giwen
three Piagetian interview tasks to evaluate his intellectual
development in the areas of reasoning under question. The balance
beam task, the electronic switch-box task, and colored squarcs and
Jiamonds were used to test for proportional reasoning,
combinatorial reasoning, and probabilistic reasoning respectively.
Pearson correlations and factor analysis failed to show direct. .
relationships among Piagetian tasks for the threc kinds of
reasoning and their corresponding occurrence in genetics problems.
Some correlations were higher betweer different reasoning types
than between similar types. Combjinatorial with proportional
reasoning on the post-test and interview tasks had & correlastion
- of .44, while proportional with ptoportional from the sang tests
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correlaced at 32, hnalysis of variance shoved significant
differences for all three reasoning types among conciete-
operationa , transitional and formal-operational 3tudents in both
the unit test and pust~test. Post hoc analysis of ANOVAa
indicated that formal-operational students had significantly more
success in the three reasoning areas than transitional students,
and transitional students had significantly more success than
conczete-cpgratzonal students.,
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" NEASURCD FORMAL THCUGHT AND THAT REQUIRED TO UNDLRSTAND
FORMAL CONCEPTS 1IN COLLLGL LLVEL PHYSICAL SCILNCE

Robert D. Boram
Parkview Adventist School
4201 N, Tastern
Oklahoma City, OK 73111

Jouhn 4. Renner ‘
University of Oklahoma
Department of Science Lducation

" Norman, OK 73419 ,

i

ABSTRACT /
« /
! ' !

. in The Growth of Logical Thincing, Piaget and Inhelder
descrite the operations and schemata whiclf are postulated as being
the characteristics of formal operational/ thought. Those formal |
thought characteristics, therefore, are y¥sed in solving problems
which reguire formal thought. The hypoq:esis can be made,
therefore, that persons whe poOssess cerfain characteristics of
forpal thought will do better, on tasks fjudged as fequiring those
characteristics than those persons who[do not possess them.

Using the individual 1ntetvicq{technique, 49 students
enrolled in a pnysics course for elekentary teachers were
evaluated for their abilities to us¢ combinatorial logic,
separation and control of variables’ proportional reasoning, and
reciprocal implications. The p ggérmance of each student in the
interviews was treated as " geasdre of the degree to which that
student could function witl those ﬂuut formal-thought

4 .

During one semester the students were given experience with
38 physics congepts using the leatning cycle. 5ix of those
concepts dealing with torque, electricity, opticy and heat were
used in the research. Understanding those concepts réguired using
one or more of the characteristins of formal thought given
earlier. JQuestions to apdsure the understanding of each concept
ware written and content| validated. Thé validated questions were
inserted into the five urse examinations at the proper time
during the semester. The studfnts' success on the questions was
treated as a measure of /their jabilities to use the cha:acteristics

- of formal thought in pr blemgﬁolvinq. Data were available,

therefore, on the formal thoyght characteristics the sturjents

/ 176 -

Aruitoxt provided by Eic:

,/ e ]
T(:‘ ‘, ul.E}l)



E

O

bl
possessed and their abilities to use thouse characteristics in
problen solving.,
| .

A total of 52 correluetion coefficients was cumputed between
the ability to use the formal thought characteristic in solving a
problem and to demunstrate possession of those characteristics.
Only eight of tne correlation coefficients were statistically
significant and the largest was §.34. The conclusion was drawn
that a non-siqnificant relationship exists between the formal
thougyht characteristics required to solve a problem and
demonstr tting the possession of those characteristics. 4hen
success on vach of the interview tasks was correlated with success
on cach of the other tasks, all the coefficicnts were ‘
statistically significant and moderately high. That . finding led
to the conclusion that success on a problem which requires formal
thoudht depends upon an overall formal~thought structure.

,
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MEASURED TORHAL THOUGHT AMD THAT ROQUIRED TO UMNDLRSTAND
PORMAL CONCLPTS IN SECONDARY SCIQOL LICLOGY

John W. Renner
University of Oklahoma
Phys.cal Science Center
Norman, OK 73019

Jean lcGreqor Cate

tNorman Public Schools
Science Consultant :
Norman, OK 73069

ABSTRACT

In “he Growth of Logical Thinking, Piaget and Inhelder
descrilie the operations and schemata which are postulated as being
the characteristics of formal operational thought. Those formal
thought characteristics, therefore, are used in solving groblems

-and responding to questions which require formal thought. The

hiypothesis can be nade, therefore, that persons +lo possess
certain characteristics of formal thought will do better on tasks
judged as requiring those characteristics than those persons who
do not poOssess them.

Using the individual interview technique, 22 students
enrolled in secondary school piology were evaluated for their
abilities to use combinatorial logic, correlation reasoning,
separation and control of variables, exclusion of irrelevant
variables, proportional reasoning, and probabilistic reasoning.
The performance of each student in ‘the interviews was treated as a
measure o’ the deyree to which that student could function with
those six formal-thought characteristics.

The resecarch began by preparing several biology questions
which required one or more of the foregoing six formal operations
in responding satisfactorily. The questions were content
validated and the operations required were also judged. Both
validations were done by panels. Only two questions survived both
validations.

Question One was judged to regquire cnrrelation reasoning,
combinatorial logic, scparation of variables and exclusion
reasoning., The 22 students, therefore, could have shown formal
thought 88 times; only 74 such instances were found. (uestior Mo
was judqed to require combinatorial, probabilistic and
proportional reasoning and the separation of variables. Again 1u
was possible to demonstrate formal thought on Question Two 88
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tines; formal thought was demonstrated 25 times. At no time were
the specific formal operations indicated by tue papel as being
needed to solve Question One used by the 24 students who '
demnonstrated on the .tasks they could use thouse specific
operations. Only seven times -~ of 25 possible -- on Cuestion Two
were the specific forsal opcrations used that were cited by the
panel as beiny necessary to produce a satisfactory responsc to
that guestion. In a very few cases formal thought was
demonstrated on the questions but had not béen demonstrated during
the 1nterview, Those few deviations will be treated in the
presentation.

In view of the data cited earlier, the counclusion was drawn
that using specific formal operations with which students
denonstrate they can function, 1S not a gooud predictor of success
on u yuestion whose satisfactory response requires those specific
fornal operations, The explanation for that conclusion, we
believe, 15 found in the fact that, with one exception, success on
the 1nterview tasks ore highly correlated with each other. That
piece of empilrical data points to the unity of formal thoughts.
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A CAUSAL HODEL‘TbR THE DLVELOPMENT OF SCIENTIFIC
REASONING IN ADOLESCENTS

Carol L. Stuessy -~
Worthington City Schools
Perry Middle School

2341 snouffer Road ’ ©
« viorthingqton, OH 43§85
ABSTRACT

This disseration research involved thé formulation and
testing of a model four the developaent of scientific reasoning
abilities in adolescents. Several potential determinants .ncluded
within the model were chosen baséd upon the intexpretation of
Piagetian theory regarding the development of formal operational
thought in adolescents. Causal relationships among potential
determinants and with the ultimate dependent variable of interest,
Scientific Reasoning, were hypothesized a priori with strong )
theoretical and heuristic considerations and with support from the //’
results of previous empirical studies.

Variables in this study {and their corresponding
instrunents) were as follows: Experience (Cognitive and
Recreational Activity Scale): Locus of Control {Intellectual
Achievenent Responsibility Questionnaire); fField
Dependence-Independence (Concealed Fiqures Test);
Rigidity/Flexibility (Breskin's Ridigqity Test); IQ (Short Form
Test of Academic Aptitude}; Gendet; Aqge; and Scientific Reasoning
{Scientific Reasoning Test). The instruments and a background
data sheet were administered to intact classes of middle school
{n=106) and high school students (n=96) from an upper middle~class
suburb of Columbus, Ohio. N

Hypothesized relationships among variables within the
posited model for Scientific Reasoning waere tested by path
analysis. liultiple reqressions were performed according to path
analytic methods in order to acqguire standardized beta weights for
each of the hypothesized paths. These beta values were used as
path coefficients for each of the posited relationships,

Significant {(p < 0.05) path coefficients were obtained for
these variables and Scientific Reasoning: Age, IQ, Fiela
Dependence-Indeendence, dnd Experience. Ade and IQ (with path
coefficients of @.54 and 6.49, respectively) were stronger
determinants of Scientific Reasoning than were Field
Dependence-Independence (§.15;) and Experience (8.11). An indirect’
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effect of Locus of Control on Scientific Reasoning through the
Meld bependence-Indepedence variable was also supported, with an
C tained path-coefticiont of 0,28 between Locus of Control and
Field vependence-Indlpendence, None of the paths involving Jender
or Rigidity/Flexibility were statistically significant, and these
two variables were removed from the revised model.’ The final
riodel, which included only variables for which there were
statistically significant path coefficients, explained 61 pregent
of the variunce in Scientific¢ Reasoning. .

} On the basis of these findings, suyqestions are made

K regarding further research and appropriate i1nterventions which may
1influence and/ur, enhance the development of scientific reasoning
abilities 1n adolescents.
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VALIDATION OF LIURARCHICAL RELATIONSHIPS ANONG PIAGETIAN
COGNITIVE NODLS AND INTECRATED SCICHLCL PROCCSS SK1LLS
FOR DIFFLERINT COGNITIVE REASONING LEVELS

Kueh Chin Yap
University of Georgia
Department of Science Cducation
Athens, GA 30602

Russell Il. Yeany
University of Qeorgia
Deportment of Science Lducatioun
Athens, GA 30602

ADSTRACT

In the past, attempts in relating the Piagetian cognitive
modes and integrated science process skills have been
correlational 3n nature. A hierarchical linkage umond the
Pragetian cognitive rodes and integrated science process skills
toyether with the methodology has been proposed. Since students

.in different Piragetian cognitive reasoning levels operate

differently in their thinking, it appears reasonable to
hypothesize that the hierarchical linkage at each level may be
differenpt. 'The methodology tused previously was psychometric in
nature, VWhile it may be satisfying to determine hierarchies using
psychometric methodologies, it should be more helpful and useful
to scrence cducators to determine whether the attoinment of
subordindte skills can help facilitate attainment of superordinate
skills based on previous psychometrically determined 'best!
hierarchy., This procedure of determining whether attainment of
subordiniRagy skills facilftates attainment of superordinate skills
has been termed vertical transfer validation.

Thus the purpose of this study was to determine and compare
the 'best' fit hierarchy among the Piagetian cognitive modes and
the 1nteqrated science process skills for each of the Piagetian
cognitive reasoning levels: concrete, transitional and formal.
F'urtherrnore, we were interested in determining whether the
best-f1t nierarchies were confirmed by the vertical transfer
validation method.

Seven hundred and forty-one middle and high school science
students 1n grades 7 to 12 participated in this study. The gender
proportion in the sample was quite even, with 384 males and 355
females. One hundred and thirteen students were categorized at
the formal level of cognitive reasoning, 162 at the transitional
level and 4606 at the concrete level,
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The best-fit hierarchies for the concrete and transicional
reasoning levels were obtained. The data from “the transfer
validation procedure sugyqgest that at the concrete reasoning level
and given the necessary prerequisiles: {l) review on desiqning
experiments can facilitate the achievement of identifying
hypotheses; (2) review on operational defining can then facilitate
the attainment’ of identifying hypotheses; (3} review on bouth

operational defining and designing experiments can facilitate the
attainment: of identifying hypotheses; and, {4) revicw on
proportiocnal reasoning can facilitate the uttaxnment of
probability reasonipg.

Presen:ly} there is no evidence to support vertical
trensfer of skills at the transitional reasoning level.

Science curriculum developers, instructional desiqgners,
teachers, teacher trainers and researchers need to be aware of the
link ane interdependence of both sets of skills. Turthernore,
they need to be aware of the exact pature of the hierarchy for
different cognitive reasoning levwels., Science education
researchers need to put acre effort into this type research so
that the hierarchies obtained can be further refined.
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REASONILG [EST

Greg P. Stefanich .
*Departient of Curriculum and Instruction
Lamar University Station ‘
P O Box 1Qu34 :
Beaumont, T¥ 77718

ABSTRACT

This study was an investigation of the concurrent -validity
of two tests of cognitive development: one being task intorviews
on ten operational measures of cognitive development described by
Jean Piaget; the other, corresponding operational measures
contained 'in the Reasoning Test, developed by Paul Ankeny and Lyle
Joyce (1975}, The Reasoning Test is a qgroup instrumedt concisting
of 30 objective qguestions which purports to provide an alternative

Lo the individual Piagetian task interviews. The ‘operatjons -

asscssed were: conservation of weight, coqservation‘of ength,
conservation of area, conservation of volume, .one-to-one
correspondence, class inclusion, trangitivity, Euclidean ispace;
spatiality, and velocity. Subjects in the study were 50 Yourth
graders randonly selected from a population of approximatqly 15¢
students from a middle class agricultural community in narltheast
tebraska. The 1.Q. was 11¢.9 with standard deviation of 1%.6:
Subjects included 27 females and 23 males. The Reasoning Test was
administered in two one-hour sessions. The yuestions were read
orally in addition to providing each student with a printed cupy
of the instrument. A series of task intérviews, one task for each

- of the 10 concepts selected in the Reasoning Test, were

administered, to each subject \individually. Interview sessions
were normally conducted in a period of 12-15 minutes.

A cross-tabulation of the number of task inteiviews
«Achieved compared with the number of concepts achieved on the
Reasoning Test resulted in a correlatio. coefficient of .46. This
lidicates a moderate, positive relationship between the two types
of tests. An analysis of the categorized data yielded a
correlation coefficient of .11,, Subjects were cateqgorized as
concrete operational if they demonstrated competency on eight or
more of the ten operations agsessed. The criterion level for
categorization was established using.the recommendation
established by Paul Ankeny and Lyle-Joyce, developers of the ‘
Reasoning Test. According to performance on both the Piagetian
task interviews and the Reasoning Test, many féurth graders were
still pre-operational. Five students (108%) were classified as
concrete operational using the Reasoning Test, while 32 (64%)
students met the necessary performance griterion on the task
interviews. An area needing further reSearch reflected in this
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ctudy is an apparent discrepancy between cognitive level using
task interviews as compared to a group test. In this study, a
significantly larger portiun of students demonstrated concrete
vperational thought process on task interviews as opposcd to
printed oral questions reflecting the same operations,
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HUIAN AND IACHINE DIACNOSIS OF SCIENTIFIC
PROULEN-SOLVINLC ABILITIES

Ron CGoud
Florida State University
Scicnce Education .
Tallahassee, L 323C6

Wyllis Bandler
Florida State University
Computer Science
Tallahassee, CL 32306

Robert Kromhout
Florida State University
Department of Physics
Tallahassee, FL 32306

ABSTIACT

The purpose of this lonq range study is to find arnswers to
the following questions: (1} How does an accomplished scieace
teacher diagnose the problem-solving ability of a student during
. an individual help session; and {2) Can this diagnosis 'be
simulated by a machine?

Methuus used are similar to those used by researchers who
have developed expert computer systems that simpulate human
experts, particularly in the field of medical diagnosis with
systems such as MYCIN and CADUCEUS. An interdisciplinary team of
faculty and students work together using procedures including:

1., Discuss with experts (scientists/teachers) the
general diagnostic procedures they use in trying
to help students on an individual basis.

2, Videotape diagnostic sessions and discuss with
the expert what was happening and why, :

3. Determine what seems to be the content knowledge
and heuristics needed to sQlve specific science
problems. "

e

4. Analyze the procedures used by experts and novices
as they attempt to solve sciepce problems,

N
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These psychological-type data are then used by the team of
researchers to butld a computer system that sinulates the expert
diagnostician., In this project (DIPS for Diagnosis for
Instruction in Problem Solving), the fuzzy logic system of Zadeh
1s$ used © manage the uﬁce:tainty contained in the natural
langyuagy input of the user. Ilany .of the other procedures used to
build the DIPS system are similar to those described in detail in
Builiding Expert Systems by Hayes=-Roth, Waterman and Lenat.

Progress on this long-term research project thus far can be
summarized by the following points:

l. An iuportant part of the effective teaching of
problem solving in science is diagnosis of a
student's initial problem-sclving state.

2. The success of various medical diagnostic expert
ystews suggests thar similar systems are possible
for diagnostic purposes in education,

3. A connon technique used by human experts (accomplished
science teachers) during a diagnostic interview with
J student is a combination of problem vosing and
yuestion asking, The diagnosis is usually inter-
woven with attempts at teaching, '

4. 4 typical mechanics chapter in a high school physics
text contains about 5000 words, including about gO¢
unique words., Of the unique words, only a few such
as velocity, acceleration, force, inertia, momentum,
translatory, Newton, ‘centripetal, centrifugal, slug
and dyne can be considered t¢ %e uniquely in the
domain of physics. This suggests that the DIPS
system can operate with about 18008 words in its
dictionary. ,

5. Graphics capability is extremely important in the
communication between the teacher {diagnoser) and
student about mechanics problem solving. This is
very likelyotrue for a wide variety of standard
roblems in various science content areas.

6. The imprecise or fuzzy nature of language in normal
human communications requires an appropriate logic
(Zadeh's fuzzy logic in this case) to handle the
uncertainty in the diagnostic interview,

7. Natural language processing must be kept to a

minimum and “user-friendly" techniques to a
maximum in DIPS-like systems.
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THID CTTLCTS OF TCACMING AN INFORMATION PROCESSING APFROACH TO
PRODLE!IS SOLVING ON MATHEMATICAL GHENISTRY ACHILVIMENT
OF COLLEGE STUDENTS

Diane {1. Bunce
Uhiversigy of llaryland
Department of Chemistry
Colleqe Park, MD 20742

Henry Helkkinen
University of Haryland
Duepartment of Chemistry
Colloge Park, MD 20742

ABSTRACT

Students gnrolled in a preparatory college chemistry course
at the Universigy of Haryland, College Park were randomly assigned
to treatment or Rontrol groups for one semester. The two gioups
attended lecturés simultaneously in adijoining lecture halls. The
conlrol group wis taught dimensional analysis as its problem
solving strateqy in dealing with mathematical chemistry problems.
The treatment group was taught an explicit approach based upean the
information processing model of problem solving.

Achievement for both groups was measured on three regularly
scheduled hourly tests given during the semester and on the final
examination., Students' mathematical chemistry provles and
non-mathematical chenistry content subicores were determined for
one preselected chewistry topic per test. These topics included
density, mole-based conversions, and stoichiometry. The final
examination subscore was a cumulative seasure of all three topics.
Two covariates were used in this study =~- Logical Mathematical
Reasoning pretest and the College Board Scholastic Aptitude
Mathematic Test {(SAT-NM}.

The results were analyzed using a multivariate analysis of
variance procedure (HANOVA). No significant difference was found
at the .d¢5 sigiificance level in the mathematical chemistry
achievement of t,;os~ students who received instruction in the
explicit problem soiving approach and those who were taught
dimensional analysis as their problem sclving approach.

The control group's pretes* scores thowed a significantly
higher correlation to achievemen. scotfes than did the treatment
group’s scores. Statistically equivalent positive correlations
woere found between chemistry content and mathematical chemistry
achievement for both groups.
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. A stgnificant negative correlation was foumnd betweon

pretest scotes (Logical tigthematical Neasoning Test) and extent of

explicit pryblgm sulving approach use within the treatment group.
) .

A significantly higher mathematical chemistry echievement
level (F » 3.17, p = +046) was found to exist for the treatment
group on the first test. Forty -four percgnt of the trecatment
students showed written evidence of having used the explicit
protlem solving approach on this first test. This percentage of
students using the cexplicit method was higher than for any other
test or the {inal examination.

Fifty-four percent of the treatment studentc answering an

‘end-of ~senester guestionnaire reported that the explicit appruach

to problen solving used in this study was too time consuming,
Only 128 of the control students answering the same yuestionnaire
reported that their probles seolving approach (dimensional
analysis) was toou time counsuming.
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A NEUROLOGICAL !'ODTL OF PRCRDLCM SOLVING
AND INTELLECTUAL DLVELOPHENT

Anton L. Lawson
Arizona State University
Department of Zoology
Tempe, AZ 55247

ABSTRACT

A neurological model of the acquisition and deployment of
higher~order cognitive strateqies is advanced. The model is based
upon Grossberg's neural modeling principles of learning,
perception, cognition, and motor control, Thus, the model
attempts to explain aspects of higher~-order problem solving and

intellectual development based upon principles found appli€able to-

events at the level of individual neurons and neuron networks.
The method employed is to discuss basic neurological principles,

as applied to classical conditioning and to the acqguisitionm of the

relatively simple action of a child learning to suck milk from a
buttle. The neuronal networks developed to explain this benavior
will thon be applied to the higher-order shift in problem solving

behavior frem the child's incorrect use of an additive strategy to

the adolescent's correct use of a proportions strategy to solve
problems of quantitative proportional relationships. Piaget's
process of psychologyical equilibration will be explicited and
gencral educational implications will bLe drawn.
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HIGH SCHOOL GRADUATRS' VIEWPOINTS ON
SCILNCE-TLCHNOLOGY~-SOCIETY TOPICS v

Glen &. Aikenhead
‘ University of Saskatchewan ’
Saskatoon, Saskatchewan, Canada S7MN gD

Reg V. Tleming
University of Saskatchewan
Saskatoon, Saskatchewan, Canada S7H QU0 .
\.
Alan C. Ryan }
. University of JaskatQhewan
Saskatoon, Saskatchewan, Caiaada 87N pug

l
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ABSTRACT

Qverviow

The purposes of this study were (1) to monitor student
understanding of science-technology-society (STS) topics; and (2)
to do this in a unigue manner that might lead to 'a new generation
of standardized i1nstrunents that would deacribe student viewpoirts
on STS issuesa.

A sample of 10,800 graduating high school students came
from a stratified sampling of classrooms from across Canada, one
part of the Canadias IEA evaluation study. Each student was asked
to respond to a <catement concerning & STS topic by (1) stating
whether he or -.he agtoed with the statement, dis~yreed, or - .
couldn't tell; PLUS (2) writing a paragraph exwlaining the reasons
for the choice.

The staiements camegfrom an instrument comprising 46 items
based on 16 major topics found in the epistemology and sociology
of science literature. Cach student in a classroom reacted:to a>
different statement. Thus, out of the 18,808 student responses,
about 236 addressed one of the 46 statements, A random 36% of
these were analyzeod to tease out common viewpoints held by
students.

Findings

A general and important methodolugy point emerged. The
meanings students ascribe to a statement are often very different
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Prom the neaning teachers and researchers accribe tu the sane
statement,  This result guestions the validity of the COnVQﬁtiOnal
manner. Of anterpreting tudent responses to "objective” N
standardized 1nstrurents or guestionnpaires.

Anong the nary findings, the following are offered as
typical cxamplues,  These are organizea around three conceptual
themen ;

(1) Interactions Arony Science, Techpnology and society.
Srudents were anked to tespond to statements based 1n erther a |
technocratic or denocratic view of socioscientific decision o
wdb 104, heactlony to the statement that “the politival climatd of
Canada has little effect upon Canadian scientists™ ventereo on/the
tssuc of government funding and research jpolicy. furprisingly’
inwightful argurents suggested that since most research was fundcg
by guvernnent, govesnment would control the way funds were to, be
spent. Ay well, government policy towards technological ’
development wan seen as aftecting a scientist's vholce of research
topics. o

(i1) Chara~teristics and Linitations of Scientific
Knuw lodge studenes offered a wide range of responses to the
stateaent that "many scientifie models ... are metaphors or useful
stories: we should not believe that these nodels are duplicates of
teality.” Those agreeiny with the statement arqued, for example,
that nodels are just helpful and useful for learning and
cxplaining,  Thoav argyuing against the statement based their R
arguments 1o sCientiut, A third arqument relied on the belief
that “authorsties (experts, teachers, and texts) say they are
true.’

r

{i11)  Characteristics of Scientists. The statoements cn this
topic were designed to solicit responses from students on how they
view the scientist as a person and how this might affect the
hnowledye generated by that person. The responses showed
considerable sophistication when reacting, for example, to the
idea that "the Lest scaenptists follow the steps to the scientific
nethod,”™ with many students stressing the inpor tance of
or1ginality and the need to transcend any one method., Ferhaps the
st passionate regponses were reserved for reacting to statements
concerning the higher proportion of male scientists in Canada in
compatison wit! *he number of female scientists. Both male and
female student gaVe as a common reason the different
socialization jaths .experienced by boys and girls,
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COBPARAT IVE ﬁTFECTIVEHRSS.OF THGTRUCTIONAL STRATECILS
: Ol DLVELCFING THLE CHLEICAL [iOLY CONCIPT

Dolores Vernont
Gt. Louts Comncnity Collcqu-Fu?&st Park
560¢ Oakland Avenue -l .
St. Louls, Missouri 63110 -

! Judith lLo Faro
5t. Louis Community College-=Forest Park
5600 Cakland Avenue
St. Louis, llissouri 63110

Coris A. Trojedk
University of Missouri-st. Louis
8001 Natural Dridge Road
St. Louis, Missouri 63121

AESTRACT

The putposes of this study were to determine for students
vnrolled 1n a freshman chemistry program if the type of h
instructuvnal strateygy used influences (1) learnifng of the mole
concept, and (2) the level of students' misconceptions concerning
selected concepts related o the mole. .

Theee i1nstructional strategies derived from Piagetian and
Ausubelian theories was implemented in ‘an urban compunity college
with freshmen chemistry students. One instructional strategy, the
learning cycle, was derived frem Piagetian theory and is a
three-phase process: (1) exploration, (2) invention, and (3)
discovery. The second instructional strategy, coqnitive learning
and development, was develuped by Klausmeier based on Ausubelian
theory. This strategy consists of presenting a formal definition.
of 4 concept, a list of critical and variable attributes, and a
list of examples and nonexanples. The third instructional
strateqy, lecture~laboratory, consists of presenting the concept
in an expository format in a classroom setting, The student
verifies the lecture materials in a laboratory setting by
peiforming expertments from carefully described procedures,

An ex post facto, pretest-posttest, control group design
wWas used to determine experimentally the nature of the

relationship between teaching methodology to achievement level and
misconception level 1n selected chemistry content.
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Three inutruments were used in “his study: a math
schievement test, burney's “Pragetian Cbject’ive Tormal
Instrunent,” and the Achievenent and Misconception Test {ANT).
Additionally, students constructed concept maps and Gowin Vees
based on laboratory and lecture nmaterials,

- ,/// The 'wanple consisted of 6¢ students enrolled ia the
Fundamentals of Chemistry coursde at an urban community college
during the 1903, fall semcster. Two classes were taught in the
mole cuncept, over a period of five weeks, using the cognitive
learning and development strategy (CLD). One cluss was taught the
mole concept over the same period of time using the learning
cycle.  The third class uged a lecture-laboratory format.

The data collected for this study were analyzed Using a
treatiwent 'y levels design where the students were matched on the
basis of p.etest scores. A three-way factorial analysis of
variance with repeated measures was uscd to analyze the data,

. The results of this study indicate that, for this sample,
the three methods were egually effective when used to teach
various aspects of the mole concept. The results further 1ndicate
Cthat the three meothods were egually effective in bringing about
conteptual c¢hanges in which knowledge concerning mass and volime

° as well as the particulate naturc Of matter matched the knowladge -

structure of experts 1 *-1s area.

Student responsces indicated that nany students viewed
matter as bLeing continuous. Students also viewed the removal of
air froum o tlask as leaving an cmpty space in the flask,

Confusion concerning the difference bLetween mass and voluue
was Jdlso noted. ’

f,
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AN ANALYSIS O TRADITIONAL REPRESENTATIONS OF SCICNTIFIC
KUOVLEDCE FROII THE POINT OF VIEW OF AUSUBLL'S
‘ : THLCORY OF LEARNING

Jose C. Otero
Departamento de Fisica -
Universidad de Alcala

Alcala de flenares, Madrid

ADSTRACT

Representations of scientific knowledge in seccndati‘school
science curricula result from translating raw knowledge as it .
appears within the context of discovery to "public knowledge™ .
within the context of justification. This reformulation reflects
underlying epistemological assumptions on the nature of scientific’
knowledge. '

The resulting conceptual structure is analyzed from the
point of view of Ausubel's learning theory. Attention is focused
On two characteristics of this structure: the arbitrariness of
concepts and the supression”of very inclusive ideas which could
play a role as subsumers. According to tpe analysis, these
Ccharacteristics are seen as consequences of:

. d@. Nonexistence of problems: Concepts in science are not
introduced merely as lpgical possibilities which could enlarge the
content of a discipline but as a response to some ocutstanding
problem. Customarily science courses and textbooks do not provide
the student with the problems but with the answers, that is,
explanatory concepts and principles.

b. Inductivist structure: Scientific concepts result from
3 psychogenetical stage, the production in the mind of the )
Creative scientist, and, later, an evolutiongry process. Hiding
this from the student results in presenting artificial constructs
whose only justification supposedly lies in the facts or phenomena
being explained.

€. Nonexistence of metaphysical beliefs: Science students
learn results as if they were a product of inspirations taking
place in an absolute idea‘ional vacuum. Consequently, ideas which
appear along history strongly linked to global conceptions of the
researcher (themata, ideals of natural order, metaphysical
beliefs) are stripped from any metaphysical trace and presented as -
results coming from nowhere. .

Finally, a proposal is made to devise representations of
conceptual knowledge leading to improved meaningful learning,
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First, to 1~prove the nonarbitrariness of conceptual links, the
obsolete e iricisat throry of knowledge underlying traditional

science curricula should bLe abandoned. Concepts, in jts final

form, should be presented as nonarbitrary responses to problems

which science faced along history. What is being proposed, at the
epistenvlogical level, is to introduce genetic cpistenology,as &
background to better represcntations of scieptific knoyledqe with f
teaching purposes, \

Second, it is necessary tb make a connection with the most
stable and general ideas of the learner. This implies looking for
ways of establishing correspondence between the ideas which made
science intclligible to scientists along history and the ideas ¥
which makce scilence intelligille to our students.
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Ali CVALUATION OF ‘ML SCIENCE = A PROCLSS APPROACH
FOR TRINIDAD AND TOBAGO (SAPATT) PROGRAl!
P .

5

Pamela Fraser-Abder
o Faculty of ¥Nducation
University of the fiest Indies
St. Augustine, Trinidad, W.I.

ABSTRACT

. The Science-A Process Approach for Trinidad and Tobago
Curriculum developed from 1977~1984 is currcently being used in
Crades K-7 in all public schools. This study attempts to evaluate
the attainaent of the program's nmajor objectives in terms of the
childgren's -ability to use the process skills after six years
exposure to the program. Some attempt is made to measure
children's interest, active. involvement, achievement in the
lesson, as well as teacher's enjoyment in teaching the lessons,
their opinion of the teacher's guide, the availability of material
and the teachers perceived need for supplemental reading material,
student workbook and further training. Data were collected by
seans of a process test given to the children and a teacher
opinionnaire. The experimental group comprised’ 290 public school
students, while the control group comprised 258 private school
students. Their results on the process test were compared. ‘

-Seventeen (17) public school teachers who had been involved in the
development of the curriculum and who were now teaching it
completed the opinionnaire, The results indicated that children
who have been cxposed to the six-years uf SAPATT scored
considerably higher than those who were taught scienc~ using az
content rote memorization approach. The t~test, F-ratio and X*-
value were all significanot at the .0801 level of significance.
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A NETA-AUALYSIS OF LEARNIKRG SCIDRCE CONCLRPTS
FROM TEXTUAL !NATERIALS ? U

Willis J. Horak
University ‘of Arizona
. ° College of Cducation
Tucson, AZ 85721

Y .
ABSTRACT

This study utilized weta-analysis technigues tg analyze the
effects of ‘different types of aids on learning science concepts
from textual materials, The studies analyzed dealt with aids for
selecting the important information contained in written paterials
and aids for building internal connections amonqg the parts of
‘printed materials. Thus, studi¢s which pertained to advance
organizers and to student elaboration activities were not
considered. The relevant rescarch studies were identificd through
‘a search of sevdral data bases. Additionally, the yearly reviews®
of research published in Science Education were utilized.

£

Relevant characteristics of the research studies were .

’

identified and coded. Coding of these characteristics 2llowed the -

uniform examination of differing design features, dependent
variables, and outcomcs. These identified features were used to
bldock the studies so that the meta-analysis procedure could be
focused upon several important research study variables.

The analysis of the rese-~rch studies produced various
results. Tirst of all, the overall average effect size indicated
that students may be aided in their understanding of- science
concepts from textual materials. The overall effect size-was
positive. Seccond, the effect size varied considerably depending
upon the type of dependent measuie. Last, the results of blocking
the studies on other variables was not clear. Many of the

‘computed effect sizes were small. .

Learning from textual type ma}erials and learning from
laboratory type situations will always be two integral parts of
science education. Today, with the microcosputer being used to
simulate many laboratory type activities, knowledge abou:. learning
from textual type naterials may possibly become more important.
The present study indicates that most students can be expected to
benefit from forms of textual structuring that aid them in
selecting the important concepts and that also aid them in making
internal connections within the presented materials. It is
possible that computer presentation of textual materiald will make
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. this even more feasible. This paper also discusses tho research
questions yet to be studiesd wiién we consider learning science
-content from printed materials.
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VIIAT RESEARCH SAYS ABOUT NEALTI LDUCATION:
REPORT Oh A HMETA-ANALYSIS OF NUTRITION EDUCATION

Roger T. Johnson
Cooperative Learning Center
Univercity of !linnesota
282 Pattee llall
Hinneapolis, MM 55465

Pavid V., Johnson
Cooperstive Learning Center
University of liinnesota
202 rattee Hall
Ninneapolis, HN 55455

ADSTRACT

t

Health cducation has been neglected in U.S. Scheools. In
the elcnentary school setting, science education and physical
education have been playing a game of "give-away", each trying to
get the other discipline to take health as a topic, In the
secondary area, it has been an also-ran class or ncnexistant.
Yet, personal health rewains one of the wore i{mportant ars
intrinsxually motivating topics in our society.

The 1976 NAEP survey of 17-year-0”s and adults indicated
that o significant portion of people's ©  wledge in the health
area comes after students leave school ai..f that up to a third of
the 17-year-olds could not pick a nutritious breakfast from )
examples or knew what kind of foods wroduced quick energy. Even
rore significant, the expert comment on the report reminded
readers that although people tend to be somewhat knowledqeablc in
the area, they do not act on that knowledge.

This meta-analysis reviewed nearly 300 studies in the area

of nutrition education and also examined the effects of & number
of the characteristics used in the studies on results (including
age of subjects, random assiynment of subjects, length of study,
etc.). Three methods of meta-analysis were used: a voting method
where each of the 3,897 findtnqa were coded 3s negative inpact, no
impact, and positive impact of ‘instruction on nutrition knowledge,
behavior, or attitudes; effect size compagidbns; and & z-score
wherever enough information was givan to do sp.

The review indicates thce nutrition education does promote

more knowledge about nutrition practices, more positive attitudes
toward qood nutrition and more appropriate nutrition behavior.
Although some of the cha:acteristics did turn out to be

5
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siqgnifican. an their influence on the data (length of time,

trasning of instructors, etce), there was not enouyh information in

many of the studies to look at internal characteristics with care,

fowever, a theory was developed from the synthesis of research for

explaining how a nutritional procram might work to influence

‘knowledge, attitudes and behavior. The factors which seem to have
- -influence on cffectiveness of putrition programs ares

1. Active involvewent of porticipants.
2. Amount of instruction.

23, Knowlédqe of instructors.

4. Vivid and personalized information.

S5« Structured curriculum.

6. Tocus on nutrition in general rather than very
specific focus,

7. Assessnent of pa ticipants"nuttitional nceds
and use of this information in program.

6. Use of small groups.
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A TACTOI ANALYSIS OF THE SCIENCE TﬂACHﬁﬁ/‘ ‘
= INWVENTORY OF NLED: KLCOMIENDATIONS AND BOTIrICATIONS

* Peter ‘A. Rubba
The Pennsylvania State University
Division of Curriculum and Instruction
178 Chambers Building
University Park, PA 16802

Rarmariah Hj. Abu Baker
Faculty of Educational sStudies :
University of Agricultuse '
Senenanjung, !alaysia ,//

. . ABSTRACT

The Science Teacher Inventory of lieed (STIN) was developed e
specifically tu adsess the perceived ngoeds of science teachers in
developing nations. During that process, a factor analysis was
completed post huc with data ffom a heterogeneoys population of

. Jordanian science teachers to gather evidence of construct:
validity. The present study was'conductéd/fg/fu:thcr clarify the
factorial coumposition and construct validity of the STIN. Data
collected from -1162 (78% returns from a 20% rundomized, cluster
sample of) !lalaysian secondary science teachors was factor
analyzed via the principle components method with varimax .
rotation, Six nontrivial-factors accounting for 91.9% of the -

" total variance were identified. thile 72 of the 76 closed items
of the STIN were found to be interpretahle,-their reanrangement is i,/f
suggested. Confirmatory factor analysis is suggested. to test the
obtained factor structure, In the interim, the extant data on '

STIN reliability and validity warrants its continued use to assess
science teacher perceived needs.
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